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RECEPTOR LIGAND 

This is a continuation-in-part of U.S. paLent application 
Ser. No. 08/510,133, filed Aug. 1, 1995. 

FIELD OF THE IKVENTIOK 
The present invention generally relates to the field of 
genetic engineering and more particularly to growth factors 
for endothelial cells and growth factor genes. 
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" BACKGROUND OF THE INVENTION 
Developmental growth, the remodelling and regeneration 
of adult tissues, as well as solid tumor growth, can only 
occur when accompanied by blood vessel formation. Angio- J5 
blasts acid hematopoietic precursor cells differentiate from 
the mesoderm and form the blood islands of the yolk sac and 
the prunarv vascular system of the embryo. The develop- 
ment of blood vessels from these early (in situ) differenti- 
ating endothelial cells is termed vascuiogenesis. Major 2Q 
embryonic blood vessels are believed to arise via 
vascuiogenesis, whereas the formation of the rest of the 
vascular tree is thought to occur as a result of vascular 
sprouting from -pre -existing vessels,, a- process ^called 
angiogenesis, Risau, et al., DeveL Biol, 125:441-4^0 1$ 
(1988). . 

Endothelial cells give rise to several types of functionally 
and morphologically, distinct vessels. When organs differ- 
entiate and begin to' perform their specific functions,- the 
phenotypic heterogeneity of endothelial cells .increases, 30 
Upon angiogenic stimulation, endothelial cells may-re-enter ; 
the cell cycle, migrate, withdraw from the cell cycle and 
subsequently differentiate again to form new" vessels that are 
functionally adapted to their tissue environment-. Endothelial 
cells undergoing angiogenesis degrade the underlying base- 35 
meat membrane and migrate, forming capillary sprouts that 
project into the perivascular stroma. Ausprunk, et aL, 
Microvasc. Rev., 14:51-65 (1977). Angiogenesis -during 
tissue development and- regeneration depends on the tightly 
controlled processes of endothelial cell proliferation, 40 
migration, differentiation, and survival. Dysfunction of the . 
endothelial cell regulatory system is a key feature of many 
diseases. Most significantly, tumor growth and metastasis 
have been shown to be angiogenesis dependent. Folkman, et 
al.,/. Biol Chem., 267; 10931-10934 (1992),- 4S . 

Key signals regulating cell growth and differential ion "are 
mediatedly polypeptide growth factors and their transmem- 
brane receptors, many of which are tyrosine kinases. Auto- 
phosphorylated peptides within the tyrosine kinase insert 
and carboxyl-ierminai sequences of activated receptors are so 
commonly recognized by kinase substrates involved m 
signal transduction for the readjustment of gene expression 
'in' responding cells. Several families of receptor tyrosine 
kinases have been characterized. Van der Geer, et aL, Ann. 
Rev. Cell Biol, 10:251-337 (1994). The major growth' 55 
factors and receptors transducing angiogenic stimuli are 
schematically shown in FIG. 1. 

Fibroblast growth factors are also known to be involved 
in the regulation of angiogenesis. They have been shown to 
be autogenic and chemotacuc for cultured endothelial cells. 60 
Fibroblast growth factors also stimulate the production of - 
proteases, such as collagenases and plasminogen activators, 
and induce tube formation by endothelial ceils. Saksela, et 
at., Ann. Rev Cell Biol, 4:93-126 (1988). There . are" two 
general classes of fibroblast, growth factors, FGF-1 and 65 
FGF-2, both of, which lack conventional signal peptides, 
Botb tvpes have an affinity for- heparin and FGF-2 is bound 



to heparin sulfate proteoglycans in.the sub endothelial extra- 
cellular matrix from which tt may be released after injury. 
Heparin potentiates the stimulation of endothelial cell pro- 
liferation by angiogenic FGFs, both by protecting against 
denaruration and degradation and dimenzing the FGFs. 
Cultured endothelial cells express the FGF-1 receptor but no 
significant levels of other high-affinity fibroblast growth 
factor receptors. 

Among other ligands for receptor tyrosine kinases,, the 
platelet derived growth factor, PDGF-BB, has been shown to 
be weakly angiogenic in the chick chorioallantoic mem- 
brane. Risau, et al., Growth Factors, 7:261-266 (1992). 
Transforming growth factor a (TGFa) is an angiogenic 
factor secreted by several tumor cell types and by macroph- 
ages. Hepatocyte growth factor (HGF), the ligand of the 
c-met proto-oncogene-encoded receptor, also is strongly 
angiogenic. 

Recent evidence shows that there are endothelial cell 
specific growth fadors and receptors that may be primarily 
responsible for the stimulation of endothelial cell growth, 
differentiation and certain differentiated functions. The best 
studied of these is vascular endothelial growth factor 
(VEGF), a member of the PD'GF family. Vascular endothe- 
lial growth . factor is a dimenc glycoprotein of disuifide- 
iinked 23 kDa subumts. Other reported effects of VEGF 
include the mobilization of intracellular calcium, the induc- 
tion of plasminogen activator and plasminogen activator 
inhibitor- 1 synthesis, stimulation of hexose transport in 
endothelial .cells, and promotion of monocyte migration in 
vitro. Four VEGF isoforms, encoded by distinct mRNA 
"splice variants, appear to be equally capable of- stimulating 
mitogeuesis.in endothelial cells.. However, each iso form has 
a different affinity , for cell surface proteoglycans, which 
behave as low affinity receptors for VEGF. Hie 121 and 165 
amino acid isoforms of VEGF are secreted in a soluble form, 
whereas the isoforms of 189 and 206 amino acid residues 
remain cell.surface associated and have a strong affinity for 
heparin. 

VEGF was originally purified from several sources on the 
basis of its autogenic activity toward endothelial cells, and 
also by its ability to induce microvascular permeability, 
hence it is also called vascular permeability factor (VPF). 
VEGF produces signals through two receptor tyrosine 
kinases, VEGFR-1 (FLT-1) and VEGFR-2 (KDR/Flk-i), 
which are expressed specifically on endothelial cells. The, 
VEGF-related placenta growth factor (PlGF) was recently 
shown to bind to VEGFR-1 with high affinity. PlGF was able 
to enhance the growth factor activity of VEGF, but it did not 
stimulate endothelial cells on its own. Naturally occurring. 
VEGF/P1GF heterodimers were nearly as potent mitogens as 
VEGF homodimers for endothelial cells. 

The pattern of VEGF expression suggests its involvement 
in the development and main te nance of the normal vascular 
system and in tumor angiogenesis. During murine 
development, the entLre 7.5 day post-coital (p.c.) endoderm 
expresses "VEGF and the ventricular neuroectoderm pro- 
duces VEGF at the^capillary ingrowth stage. See Breier, et 
iU Development, 114:521-523 (1992). On day two of quail 
development, the vascularized area of the yolk sac as well as 
the whole embryo show expression of VEGF. In addition, 
epithelial cells next to fenestrated endothelia in adult mice 
show persistent VEGF expression, suggesting a role in the 
maintenance of this specific endothelial pbenotype and 
function. ^ 

Two high affinitv receptors for VEGF have been charac- 
terized. These are VEGFR-l/Elt-1 (fms-like tyrosine kinase 
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1) and VEGFR-2/Kdr/Flk-l (kinase insert domain contain- 
ing receptor/fetal liver kinase- 1). Those receptors are 
classified m the PDGF- receptor family, but they have seven 
rather than five immunoglobulin -like loops in their extra- 
cellular domain and they possess a longer kinase insert than 
Qormally observed in this family. The expression of VEGF 
receptors occurs mainly m vascular endothelial cells, 
although some may be present on monocytes and melanoma 
cells. Only endothelial cells have been reported to proliferate 
in response to VEGF, and endothelial cells from different 
sources show different responses. Thus, the signals mediated 
through VEGFR-1 and VEGFR-2 appear to be cell type 
specific. 

The FU4 receptor tyrosine kinase (VEGFR-3) is closely 
related in structure to the products of the VEGFR-1 and 
VEGFR-2 genes. Despite this similarity, the mature form of 
FU4 differs from the VEGF receptors in that it is proteolyti- 
cally cleaved in the extracellular domain into two disulfide- 
linked polypeptides. Pajusola et al., Cancer Res., 
52:5738-5743 (1992). The 4.5 and 5.8 kb FU4 mRNAs 
.encode polypeptides which- differ in their C-termini due to 
the use of alternative -3' exons. The VEGFs do not show 
specific binding to FH4 or induce its autophosphorylation. . 

Expression of Flt4 appears to be more restricted than 
expression of VEGFR-1 or VEGFR-2. The expression of 
FU4 first becomes detectable by: in situ hybridization .in the 
angioblasts of head mesenchyme, the cardinal vein, and 
extraembryonically in the allantois of 8.5 day p.c. mouse 
embryos.. In 12.5 day p.c. embryos the Flt4 signal is 
observed in developing venous and presunyptive''lymphatic 
endothelia, but arterial endothelia appear negative. During 
later stages of development, Flt4 mRNA becomes restricted ' 
to developing lymphatic vessels. Only the lymphatic endot- 
helia and some high endothelial venules express FMmRNA 
in adult human tissues and increased expression occurs in . 
lymphatic sinuses in metastatic lymph nodes and in lym- 
phangioma. These results support the theory of the venous 
origin. of lymphatic vessels. 

Five endothelial cell specific receptor tyrosine kinases, 
Flt-1 (VEGFR-1), KDR/Flk-1 (VEGFR-2), FU4, Tie and 
Tek/Tie-2 have so far been described, which possess the 
imnasic tyrosine kinase activity essential for signal trans- 
duction. Targeted mutations inactivating FU-1, Flk-1, Tie 
and Tek in. mouse embryos have indicated their essential and 
specific roles in vasculogenesis and angiogenesis at the 
molecular level' VEGFR-1 and VEGFR-2 bind VEGF wuh 
high affinity (Kd 16 pM and 760 pM, respectively) and 
VEGFR-1 also binds the related placenta growth factor 
(PIGF; Kd about 200 pM}, while the ligands for Tie, Tek, 
and Flt4 have not yet been reported. 

SUMMARY OF THE INVENTION 

The present invention provides a ligand for the Flt4 
receptor tyrosine kinase. Thus, the invention provides a 
purified and isolated polypeptide which specifically binds to 
the FU4 receptor tyrosine kinase. In a preferred embodiment, 
the ligand comprises a fragment of the amino acid sequence 
shown in SEQ ID NO: 33 which specifically binds to the 
Fl 1 4 receptor tyrosine kinase. " 

The present invention also provides a precursor of an Flt4 
ligand, wherein the precursor comprises the amino acid 
sequence shown in SEQ ID NO: 33. Thus, the invention 
includes a purified and isolated polypeptide having the 
amino acid sequence shown in SEQ ID NO: 33. 

A putative 33 amino acid signal peptide has been identi- 
fied in the amino acid sequence shown in SEQ- ID NO: 33. 



15,530 Bl 

4 

Thus, in a related aspect, the invention includes a purified 
and isolated polypeptide comprising amino, acids 1-317 of 
SEQ ID NO: 33. The Flt4 ligand precursor is proieolytically 
cleaved upon expression to produce an approximately 23 kD 

5 peptide which is the FU4 ligand (herein designated VEGF- 
C).- Thus, the invention includes a polypeptide having an 
amino acid sequence comprising a portion of SEQ ID 
NO:33, the portion encoding a fragment capable of specifi- 
cally binding to Flt4. A preferred fragment has a molecular 

10 -weight- of about 23 kDa as assessed by SDS-PAGE under 
reducing conditions. In a preferred embodiment of the 
invention, an Flt4 ligand is provided which is the cleavage 
product of the precursor peptide shown in SEQ ID NO: 33 
and which has a molecular weight of approximately 23 kD 
under reducing conditions. 

Evidence suggests that the amino acids essential for 
retaining FU4 ligand activity are contained within approxi- 
mately amino acids 1-120 of SEQ ID NO: 33, and that the 
proteolytic cleavage to produce a mature, aaturally- 

' occurring Flt4 ligand occurs within approximately amino 
^.acids 1-180 of SEQ ID NO: 33. Accordingly, preferred 
polypeptides of the invention include polypeptides compris- 
ing amino acids 1-120, 1-121, 1-122, 1-123, 1-124 . . . 
1-178, L-179, and. 1-180 of SEQ ID NO: 33, wherein said 
polypeptides specifically bind to an' FU4 receptor tyrosine 
kinase. A preferred' FU4 Ligand comprises approximately 
amino acids 1-120 of SEQ ID NO: 33. Another preferred 
polypeptide of the invention comprises approximately. 
. amino acids 1-180 of SEQ ID NO: 33. 

3Q The present invention also provides a cDNA encoding a 
novel polypeptide, designated VEGF^C, that is structurally 
homologous to VEGF. VEGF-C is a ligand for the FLT4 , 
receptor tyrosine kinase (VEGFR-3), a receptor tyrosine 
■ kinase related to VEGFR-1 and VEGFR-2 that does not bind . 

35 VEGF. VEGFR-3 is expressed in venous and lymphatic 
. endothelia of fetal tissues and predominantly in lymphatic 
endothelial of adult tissues. Kaipainen et al M Cancer Res., 
. 54:6571-77 (1994); Kaipainen et al., Proc. Nad. Acad. Set 
USA, 92:3566-70 (1995). 

40 Thus, -in a preferred embodiment, the invention includes 
a purified and isolated nucleic acid (e.g., a DNAor an RNA) 
encoding an FU4 ligand precursor. Due to the degeneracy of 
the genetic code, numerous such coding sequences are 
possible, each having in- common the coding of the amino 

45 acid sequence shown m SEQ ID NO: 33. As set forth above, 
the invention includes- polypeptides which comprise 'a por- 
tion of the amino acid sequence shown in SEQ ID NO: 33~ 
and which bind the FU4 receptor tyrosine kinase (herein 
designated VEGFR-3); the invention also is intended to 

5 q include nucleic acids encoding these polypeptides. Ligand 
precursors according to the invention, when- expressed in an 
appropriate host cell, produce, via cleavage, a peptide which 
binds specifically to the Flt4 receptor tyrosine kinase 
(VEGFR-3). The nucleotide sequence shown in SEQ ID 

55 NO:32 contains a preferred nucleotide sequence encoding 
the Flt4 ligand (VEGF-C). 

The present invention also provides a cell line which 
produces an Flt4 ligand. The ligand may be purified and 
isolated directly from the cell culture medium. Also pro- 

60 vided are vectors comprising a DNA encoding the Flt4 
ligand, and host cells comprising the vectors. Preferred 
vectors of the invention are capable of expressing the FU4 
ligand under the control of appropriate pro molers and other 
control sequences. A preferred vector of the invention is 

65 plasmid pFLT4-L T having ATCC accession no. 97231. 

The invention further includes a method of making 
polypeptides of the invention. In a -preferred method, a 
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nucleic acid or vector of the invention is expressed in a host 
cell,- and a polypeptide of the invention is purified from the 
host ceil or the host cell growth medium. 

In another aspect, the invention includes an antibody 
which is specifically reactive with polypeptides of the inven- 5 
do n. Antibodies, both monoclonal and polyclonal, may be 
made against a ligand of the invention according to standard 
techniques in the " art. Such antibodies may be used in 
diagnostic applications to monitor angioge nesis, 
vascularization, lymphatic vessels and their disease states, 10 
wound healing, or certain hematopoietic or leukemia cells, 
or they may be used to block or activate the FU4 receptor. 

Ligands according to the invention may be labeled with a 
delectable label and used to identify their corresponding 
receptors in situ. Labeled Flt4 ligand and anti-FU4 ligand 15 
antibodies may be used as imaging agents in the detection of 
lymphatic vessels, high endothelial venules, and Hl4 'recep- 
tors expressed in histochemical tissue sections. The ligand or 
antibody may be covalently or no n-covalently coupled' to a 
suitable supermagnetic, paramagnetic,, electron dense, ~° 
echogenic, or radioactive agent for imaging. Other, non- 
radioactive labels, such as biptin and avidin, may also be 
used. 

/ The present invention also provides diagnostic and clini- 15 
cal applications for claimed ligands. In a preferred 
embodiment, FU4 ligands or precursors are used to accel- 
erate angiogenesis, e.g., during wound healing, or to pro- ■ 
mote the endothelial' functions of lymphatic vessels. Ligands 
may be applied in any suitable manner using an appropriate ^$ 
pharmaceutically-acceptable vehicle. Ligands also may be. 
used to quantify future metastatic risk by. assaying biopsy 
material for the presence of active receptors or ligands in a 
binding assay or kit using detectably-labeled" ligand. An FU4 
ligand according to the invention also may be' used to 
promote re -growth or permeability of lymphatic vessels in, 
for example, organ transplant pa dents. Ligands according to 
the invention also may be used to: treat or prevent 
inflammation, edema, aplasia of the lymphatic vessels, lym- 
phatic obstruction, elephantiasis, and Milroy's disease. 4Q 
Finally, Flt4 ligands may be used to stimulate lymphocyte . 
production and maturation, and" to promote or inhibit traf- 
ficking of leukocytes between tissues .and lymphatic vessels 
or to affect migration in and out of the thymus. 

Inhibitors of the FU4 ligand may be used to control 4 ' 5 
endothelial cell proliferation and lymphangiomas. For 
example, such inhibitors may be used to arrest metastatic 
growth or spread, or to control other aspects of endothelial - 
cell, expression and growth. Inhibitors include antibodies, 
antisense oligonucleotides, and peptides which block the 50 
FU4 receptor, all of which are intended as aspects of the 
invention. - 
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lated with PC-3 conditioned medium isjhe 125 kD Flt4 
polypeptide (VEGFR-3). 

FIG. 6 shows Western analysis of the Flt4 ligand activity 
isolated from PC-3 conditioned medium. 

FIG. 7-shows results. of gel electrophoresis of chromato- 
graphic fractions from the affinity purification of FU4 ligand 
(VEGF-C) isolated from PC-3 conditioned medium. 

FIG. 8 shows results of Western analysis of FU4 auto- 
phosphorylation induced by either the FU4 ligand (VEGF- 
C), VEGF, or P1GF. .* ■ . 

FIG. 9 A schematically depicts the cloning and analysis of 
the Flt4 ligand, VEGF-C. The VEGF-C coding sequence 
(shaded boxes) and signal sequence (ss) are depicted 
between 5' and 3' untranslated (ut) nucleic acid regions. 

FIGS. 9B-D show the nucleotide and deduced amino acid 
sequence of the coding portion of FU4 ligand cD'NA. The 
cleavage site, for the putative signal pepetide is indicated 
with a shaded triangle. 

FIGS. 10A-D show a comparison of the deduced ammo 
acid sequences of PDGF-A (SEQ ID NO: 36); PDGF-B 
(SEQ ID NO: 37); two PIG.F isoforms (SEQ ID NOs: 38 and 
39); four VEGF isoforms (SEQ ID NOs: 40-43); and Flt4 
ligand (VEGF-C)" (SEQ ID NO: 33). 

FIG. 11 shows the stimulation of autophosphorylation of 
the . Flt4 receptor by conditioned medium from cells trans- 
fee ted with the FU4-L (VEGF-C) expression vector. 

FIG. 12 shows Northern blotting analysis of FU4-L 
(VEGF-C) mRNA in tumor cell lines and in brain tissue. 

FIG. 13A is an autoradiograph showing recombinant 
VEGF-C isolated following a pulse -chase experiment and . 
electrophoresed via SDS-PAGE under reducing conditions. 

FIG. 13B is a photograph of polyacrylamide gel showing 
that recombinant VEGF-C forms are disulfide -linked - in 
nonreducing conditions. - 

FIGS. 14A and 14B depict Western blots showing that 
VEGF-C stimulates autophosphorylation of VEGFR-2 
(KDR) but has no effect on PDGFR-fi phosphorylation. 

FIGS. 15A and 15B show that VEGF-C stimulates endot- 
helial cell migration in a three-dimensional collagen gel 
assay. 

FIG. 16A shows the expression of VEGF-C mRNA in 
human adult tissues. 

FIG. 16B shows the expression of -VEGF, VEGF-B, and 
VEGF-C in selected human fetal tissues. 

FIG. 17 schematically depicts the chromosomal localiza- 
tion of the VEGF-C gene. " 

FIG. 18 is a Northern blot hybridiiation study showing 
the effects of hypoxia on the mRNA expression of VEGF- A, 
VEGF-B and VEGF-C. 



BRIEF DESCRIPTION OF THE DRAWING 

. FIG. 1 is a schematic diagram. showing major endothelial 55 
cell receptor tyrosine. kinases and growth factors involved in 
vasculogenesis and angiogenesis. 

■ FIGS. 2 A and 2B schematically depict the construction of 
the pLTRFU4l expression vector. , 

FIG. 3 schematically depicts , the construction of the 
baculovirus vector encoding a secreted soluble Flt4 extra- 
cellular domain (FU4EG). 

FIG. 4 shows results of stimulation of FU4 autophospho- 
rylation by conditioned medium from PC-3 cell cultures. 55 

FIGS.. 5A, 5B, and . 5C show that the major tyrosyl 
phosphorylated polypeptide of FU4-transfected cells stirau- 
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DETAILED DESCRIPTION OF THE 
INVENTION 

- Described herein is the isolation of a novel vascular 
endothelial growth factor and the cloning of a DNA encod- 
ing this growth factor from a cDNA library prepared from 
the human prostatic adenocarcinoma cell line PC-3. The 
isolated cDNA encodes a protein which is proteolyticaliy 
processed and secreted to cell culture medium. The secreted 
protein, designated VEGF-C, binds to the extracellular 
domain of FU4 (designated VEGFR-3) and induces tyrosine 
autophosphorylation of Flt4 and VEGFR-2. VEGF-C also 
stimulates the migration of endothelial cells in collagen gel. 

The present invention -also is directed to novel growth 
factors which' are ligands, for the FU4 receptor tyrosine 
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kinase (VEGFR-3). Ligands of the invention are members of 
a family- ofplatelet-denved growth factors/vascular endot- 
helial growth factors which promote mitosis and prolifera- 
tion of vascular endothelial cells and/or mesodermal cells. 
Ligands recognizing the FU4 receptor tyrosine kinase were 
purified from a PC-3 prostatic adenocarcinoma ceil line 
(ATCC CRL1435). When applied to a population of cells 
expressing the FU4 receptor, ligands of the invention stimu- 
late autophosphorylation, resulting in receptor activation. 
The invention also provides inhibitors of the- FU4" receptor, 
including antibodies directed against the iigaod. A ligand 
according to the invention may be coexpressed as a larger 
precursor which is cleaved to produce the ligand. A coex- 
pressed region in some cases results from alternative splic- 
ing of RNAof the ligand gene. Such a co -expressed region 
may be a function of the particular expression system used 
to obtain the ligand. The skilled artisan understands that in 
recombinant production of proteins, additional sequence 
may be expressed along with a functional peptide depending 
upon the particular recombinant construct used to express 
.the. protein, and subsequently removed to obtain the desired' 
ligand. In some cases the recombinant ligand can' be made 
lacking certain residues of the endogenous/natural ligand. 
Moreover, it is well-known in that conservative replace- 
ments may be made m a protein which do not alter the 
function of the protein. Accordingly, it is anticipated that 
such alterations are within the scope of the claims. It is 
intended that the precursor sequence shown in SEQ ID NO: 
33 is capable of stimulating the FU4 ligand without any 
further processing in a manner similar to that in which 
VEGF stimulates, its receptor in its unprocessed form. 

Results reported herein show that VEGFR-3 transmits 
signals for a novel growth factor. This conclusion is based on 
the specific binding of VEGF-C to recombinant FU4EC (Flt4 
extracellular domain) protein and the induction of VEGFR-3 
autophosphorylation by medium from VEGF-C transfected 
cells. In contrast, VEGF and P1GF did not show specific 
binding to VEGFR-3 or induce its autophosphorylation. 

A major part of the difference in the observed molecular 
mass of the purified and' recombinant VEGF-C and the 
deduced molecular mass of the VEGF-C encoded by the 
VEGF-C open reading frame (ORFj may be due to pro- 
teolytic removal of sequences in the carboxyl terminal 
region of the latter. Proteolytic processing of the VEGF-C 
. precursor may occur at more than one cleavage site because 
the 32 kD molecular mass of the recombinant secreted 
ligand was also less than the deduced molecular mass of 
VEGF-C ORF without the signal peptide. By extrapolation 
from studies of the structure of PDGF (Heldin, et al., Growth 
Factors, 8:245-52 (1993)), one can speculate that the region 
critical .for receptor binding and activation by VEGF-C is 
contained within the amino -terminal first ISO or so amino 
acid residues of the secreted of VEGF-C protein lacking the 
signal sequence. In fact, the region critical for receptor 
binding and activation by VEGF-C is believed to be coo- 
- tained within the first approximately 120 amino acid resi- 
dues of the secreted VEGF-C protein lacking the signal 
sequence. Thus, the 23 kD polypeptide binding VEGFR-3 is 
likely to represent the VEGF-homologous domain. After 
biosynthesis, the nascent VEGF-C polypeptide may be gly- 
cosylated at three putative hf-linked glycosylation sues 
' identified in the deduced VEGF-C amino acid sequence. 

The carboxyl terminal ammo .acid sequences, which 
increase the length of the VEGF-C polypeptide in compari- 
son with other Ligands of this family, show a pattern of 
spacing of cysteine residues reminiscent of the Balbiani ring 
3 protein "(BR3P) sequence (Dignam and Case, Gene, 
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88:133-40 (1990); Paulsson, et il.,7. MoL BioL, 
211:331^-9 (1990)). This novelC-terminal silk protein-like 
structural motif of VEGF-C may fold into an independent 
domain, which, on the basis of the considerations above, is 

5 at least partially cleaved off after biosynthesis. Interestingly, 
at least one cysteine motif of the BR3P type is also found in 
the carboxyl terminus of VEGF. In our experiments both the 
putative precursor and cleaved ligand were detected in the 
cell culture media, although processing was apparently 

1Q cell-associated on the basis of the pulse-chase experiments. 
The determination of the amino terminal sequence of the 
isolated carboxyl terminal fragment will allow the identifi- 
cation of the proteolytic processing site. The generation of 
antibodies against different parts of the VEGF-C molecule 
5 will allow the exact determination of the precursor-product 
relationship and rado, their cellular distribution, and the 
kinetics of processing and secretion. 
- VEGF-C has a conserved pattern of eight cysteine 
residues, which may participate in the formation of intra- 

nQ and interchain disulfide bonds, creating an antiparallel 
dimeric biologically active molecule, similar to PDGF. 
' Mutational analysis of the cysteine residues involved in the 
interchain disulfide bridges has shown that, in contrast to 
PDGF, VEGF dimers need to be held together by these 

n5 covalent interactions in order to maintain biological activity. 
Disulfide linking of the VEGF-C polypeptide chain was 
evident in the analysis of VEGF-C in nonreducing condi- 
tions. . 

VEGFR-3, which thus distinguishes between VEGF and 

i 0 VEGF-C, is closely related in structure to VEGFR-1 and 
VEGFR-2. Finnerty, et al., Oncogene] 8:2293-98 (1993); 
Galland, et "al., Oncogene, 8:1233-40 (1993); Pajusola, et 
al., Cancer Res,, 52:5738-43 (1992). However, the mature 
form of VEGFR-3 differs from the two other. VEGFRs in 

35 that is is proteo lyrically cleaved in the extracellular domain 
into two disulfide-Linked polypeptides. Pajusola, et al., 
Oncogene, 9:3545-55 (1994). Another difference is that the 
4.5 and 5.S kb VEGFR-3 mRNAs encode polypeptides 
differing in their C-tenmini and apparently in their signalling 

40 properties due to the use of alternative 3' exons. Borg et al., 
■ Oncogene, 10:973-34 (1995); Pajusola et al., Oncogene, 
8:2931-37 (1993). 

Besides VEGFR-3, VEGFR-2 tyrosine kinase also is 
activated in response to VEGF-C VEGFR-2 mediated sig- 

45 Qals cause striking changes in the morphology, actin reor- 
ganization and membrane -ruffling of porcine aortic endot- 
helial' cells overexpressing this receptor. In these cells, 
VEGFR-2 also mediated ligand -induced chemoiaxis and 
mitogenicity. Waltenberger et al., /. BioL , Chem, 

50 269:26988-95 (1994). Similarly, the receptor chimera CSF-. 
1R/VEGFR-3 was mitogenic when ectopicaily expressed in 
KIH3T3 fibroblastic cells, but not in porcine aortic endot- 
helial cells (Pajusola et al., 1994). Consistent with such 
results, the bovine capillary endothelial cells (BCE), which 

55 express VEGFR-2 roRNA but very little or no VEGFR-1 or 
VEGFR-3 mRNAs, showed enhanced migration when 
stimulated with VEGF-C. As shown here, light microscopy 
of the BCE cell cultures in collagen gel also suggested that 
VEGF-C stimulated the proliferation of these cells. The 

60 already existing data thus indicate that the VEGF ligands 
and receptors show a great specificity in their signalling, 
which, may be cell type dependent. 

The expression pattern of the VEGFR-3 (Kaipamen et al., 
Proc. Natl. Acad Sci. USA, 92:3566-70 (1995)) suggests 

65 that VEGF-C may function in the formation of the venous 
and lymphatic vascular systems during embryogenesis. Con- 
stitutive expression of VEGF-C . in adult tissues shown. 
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herein further suggests that this gene product also is 
involved in the maintenance, of che differentiated functions 
of the lymphatic endothelium where VEGFR-3 is expressed- . 
(Kaipainen et aL, 1995). Lymphatic capillaries do not have 
well formed basal laminae and an interesting possibility 5 
remains that the silk-like BR3P motif is involved in pro- 
ducing a supramolecular structure which could regulate the 
availability of VEGF-C in tissues. However, as shown here, 
VEGF-C also activates VEGFR-2, which is abundant in 
proliferating endothelial cells of vascular sprouts and Q 
branching vessels of embryonic tissues, but decreased in 
adult, tissues. Millauer et aL, Nature, 367:576-78 (1993). 
These data have suggested that VEGFR-2 is a major regu- 
lator of.vascuiogenesis and angio genesis. VEGF-C may thus 
have a unique effect in lymphatic endothelium and a more 
redundant function shared with VEGF in angiogenesis and 15 
possibly permeability regulation of several types of endot- 
helia. Because VEGF : C stimulates. VEGFR-2 and promotes 
endothelial migration, a utility for VEGtJ-C is suggested as 
an inducer of angiogenesis of blood and lymphatic vessels in 
wound healing, tissue transplantation, in eye. diseases, in the 20 
formation of collateral vessels around arterial stenoses and 
into injured tissues after infarction. - - 

Taken together, these results show an increased complex- 
ity of signalling in the vascular endothelium: They reinforce 
the concept that when organs differentiate and begin to 25 
perform their specific functions, thephenotypic heterogene- 
ity of endothelial cells increases in several types of func- 
tionally and morphologically distinct vessels. However, _ 

' upon suitable angiogenic stimuli, endothelial cells can , 
re -enter the cell cycle, migrate, withdraw from the cell cycle 30 

. and subsequently differentiate again to form new vessels- that 
are functionally adapted to' their iissue environment. This 
process of angiogenesis concurrent 1 with tissue development - 
and regeneration depends on the tightly controlled balance ' 
between .positive and- negative signals for endothelial cell 35. 
proliferation, migration, -differentiation and survival. 
Previously-identified growth factors promoting, angiogen- ■ 
esis include the fibroblast growth factors, hepatocyte growth 
factor/scatter factor, PDGF and TGF-a. (See, e.g., Folkman, 
Nature Med. 1:27-31 (1995); Fnesel and Maciag, FASEBJ. 40 
9:919-25 (1995); Mustooen and Aliialo, J. Cell Biol, 
129:895-98 (1995). However, VEGF has been the only 
growth factor relatively specific for endothelial cells. The 
newly identified factors VEGF-B and VEGF-C thus increase 
our understanding of the complexity of the specific and 45 
redundant positive signals for endothelial cells involved in 
vasculogenesis, angiogenesis, permeability and perhaps also 
other endothelial functions: 

Also described herein is the localization of the VEGF-C 

, gene in human, chromosomes by analysis of .somatic cell so 
hybrids and fluorescence in situ hybridization (FISH). 
Southern blotting and polymerase chain reaction analysis of 
somatic -ceH'bybrids and fluorescence in situ hybridization of 
me tap base chromosomes was used to assess the chromo- 
somal localization of the VEGF-C gene. The VEGF-C gene 55' 
was located' on chromosome 4q34, close to the human 
aspartylglucosaminidase gene previously mapped to 
4q34_35.- The VEGF-C locus in 4q34 is a candidate- target 
for mutations leading to vascular malformations or cardio- 
vascular diseases. Expression studies by Northern blotting 60 
and hybridization show abundant VEGF-C expression in 
bean and skeletal muscle; other tissues, such as lung "and 
kidney, also express. this gene. Whereas P1GF is predomi- 
nantly expressed in the placenta, the expression patterns of 
the three VEGFs overlap in many tissues, which suggests 65 
that they may form heterodimers and interact, to exert their 
physiological functions. 



Targeted mutagenesis leading to inactivation of the VEGF 
receptor loci in the mouse genome has shown that VEGFR-1 
is necessary for the proper organization of endothelial cells 
forming the vascular endothelium, while VEGFR-2 is nec- 
essary for the generation of both endothelial, and hemato- 
poietic cells. This suggests that the four genes of the VEGF 
family can be targets for mutations leading to vascular 
malformations or cardiovascular diseases. 

The following Examples illustrate preferred embodiments 
of the invention, wherein the isolation, characterization, and 
function of FU4 ligands and ligand-encoding nucleic acids 
according to the invention are shown. 

' EXAMPLE 1 ' 
Production of pLTRFlt41 Expression Vector 

Construction of the LTR-FU4I vector is schematically- 
shown in FIGS. 2A and 2B. The full-length Flt4s cDNA 
(Genbank Accession No.' X68203) was assembled by first 
subcloning the S2.5 fragment, reported in Pajusola et aL, 
Cancer Res. 52:5738-5743 (1992), incorporated by refer- 
ence herein, containing base -pairs 56-2534 of 'the Flt4s into 
the EcoRI site of the pSP73 vector (Promega, Madison, 
Wis.). ' ' ' 

Since cDNA libraries used for screening of FU4 cDNAs 
did not contain its most 5* protein-coding sequences, inverse 
PCR was used for the amplification of the 5' end of FU4 
corresponding to the first 12 amino acid residues 
(MQRGAALCLRLW): Poly(A)* RNA was isolated from 
HEL cells and double-stranded cDNAcopy was synthesized 
using the Amersham cDNA Synthesis System Plus kit and a 
gene specific primer: 5'-TGTCCTCGCTGTCCTTGTCT-3' 
(SEQ ID NO: 1), which was located 195 bp downstream of 
the 5' end of clone S2.5. Double stranded cDNAwas treated 
with T4 DNA polymerase to blunt the ends and cDNA was 
purified with Centricon 100 filters (Amicon Inc., Beverly, 
Mass.). Circularization was made in a total volume of 150 
ul. The reaction mixture contained ligation buffer, 5% PEG- 
8000, 1 mM DTT and 8U of T4 DNA ligase (New England 
Biolabs). Ligation was carried out at 16° C. for 16 hours. 
Fifteen ,ul of this reaction mix was used in a standard 100 ul 
PCR reaction containing 100 ng of specific, primers includ- 
ing Sac! and Psti restriction sites, present in this segment of 
the Flt4 cDNA, and 1 unit of Taq DNA polymerase (Perkin 
Elmer Cems). Two rounds of PCR were performed using 33 
cycles (denaturation at 95° C. for 1 minute, annealing at 55° 
C. for 2 minutes and elongation at 72° C. for 4 minutes). The 
PCR mixture was treated sequentially with the SacI and Psti 
restriction enzymes and after purification with MagicPCR 
Preps (Promega) DNA fragments were subcloned into the 
pGEM3Zf(+> vector for sequencing. The sequence obtained 
corresponds to the 5' end of the Flt4s cDNA clone deposited 
in the Genbank Database as Accession No. X68203. 

The sequence encoding the first -12 amino acid residues 
was added to the expression construct by ligating an Sphl 
digested PCR fragment amplified using reverse 
transcription-PCR of poly(A)* RNA isolated from the HEL 
cells using the oligonucleotides 5'-ACAT GCATGC ; CAC- 
CXIGCAG CGGGGCGCCG CGCTGTGCCT GCGACT- 
GTGG- CTCTGCCTGG GACTCCTGGA-3* (SEQ ID NO: 
2)(forward primer, Sphl site underlined, the translational 
start codon marked in bold follows an optimized Kozak- 
consensus sequence Kozak, Nuci Acids Res. 15: 
81-25-S14S, 1987) and S'-AOAT GCATGC CCCGCCGGT 
CATCC-3' (SEQ ID NO: 3) (reverse primer, Sphl site 
underlined) to the 5 ! end of, the S2.5 .fragment, thus replacing 
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unique SphI fragment of the S2.5 plasmid. The resulting 
vector was digested with EcoRI and Clal and ligated to a 138 
bp PCR fragment amplified from the 0.6 -kb EcoRI fragment 
(base pairs 3739 to 4416 in the Genbank X68203 sequence) 
which encodes the 3' end of Flt4s shown in FIG. 1 of 5 
Pajusola et al. T Cancer Res. 52:5738-5743, 1992, using the 
oligonucleotides -S'-CG GAATTC CC CATGACCCCAAC-3' 
(SEQ ID NO: 4) (forward, EcoRI site underlined) and 5'-CC 
ATCGAT GG ATCCTACCTG AAGCCGCTTT CTT-3' 
(SEQ. ID NO: 5) (reverse, Clal site underlined). The coding 10 
domain was completed by ligation of the 1.2 kb EcoRI 
fragment (base pairs 2535-3789 of sequence X68203) into 
the above construct. The complete cDNA was subcloned as 
a Hindlll-Clal(blunted) fragment (this Clal site was also 
included in the 3* pnmer used to construct the 3' end of the is 
coding sequence) to the pLTRpoly expression vector 
reported m Makela et aL, Gene, 118: 293-294 (1992) 
(Genbank. accession number X60280), incorporated by ref- 
erence herein, using lLs HindUI-Acc I(blunted) restriction 
sites. 20 

The long form of FU4 was produced by replacing the 
3'-end of the short form as follows: The 3' region of the Flt41 
cDNA was PCR-amp lined using a gene specific and a 
pGEM 3Z vector specific (SP6 promoter) oligonucleotide 
"5 ' - ATTTAG G TG AG ACTATA-3 ' (SEQ ID NO: 6) as reverse 25 

- and forward primers, respectively, and an FU41 cDNA clone 
containing a 495 bp EcoRI fragment extending downstream 
of the EcoRI site at nucleotide 3789 of the Genbank. X68203 
sequence (the sequence downstream of this EcoRIsite is 
deposited as the Flt4 loag form 3' sequence havirig Genbank _ 30 
accession number S6640?).'The gene specific oligonu'cle- -. 
otide contained a BamHI. restriction site located right after 
the end of the coding region. The sequence of that (reverse 
primer) oligonucleotide- was 5'-CCATCGAT 
GGATCC CGATGCTGCTTAGTAGCTGT-3' (SEQ ID NO: 35 
7) (BamHI site is underlined). The PGR product was : 
digested with EcoRI and BamHI and transferred in frame' to 

. LTRFlt4s vector fragment from which the coding sequences . 
downstream of the EcoRI site at base pair 2535" (see 
sequence X68203) had been removed by EcoRI-BaraHI 40 
digestion. Again, the coding domain was completed by 
ligation of the 1.2 kb EcoRI fragment(base pairs 2535-3789 
of sequence X6S203) back into the resulting construct. 

EXAMPLE 2 - 45 

Production and Analysis .of Flt41 Transfected Cells 

NIH3T3 cells (60% confluent) were co-transfected with 5 
•ug of the pLTRFlt41 construct and 0.25 ug of the pSV2neo 
vector (ATCC) containing the neomycin phosphotransferase 50 
gene, using the DOTAP liposome -based transfection 
reagents (Boehringer Mannheim,, Mannheim, Germany). 
One day after the transfection the cells were transferred into 
selection media containing 0.5 mg/ml geneticin (GIBCO, 

- Grand Island, N.Y.). Colonies of geneticin-resistant cells 55 
were isolated and analyzed for expression of the FU4 pro- - 
terns. Cells were lysed in boiling lysis buffer containing 
3.3% SDS (sodium dodecyl sulphate), 125 mM Tns, pH 6.8. . 
Protein concentrations of the samples were measured by the 
BCA method (Pierce, Rockford, 111.). About 5(Kwg of protein 60 
of each lysate were analyzed for the presence of FU4 by 6% 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and 
immunoblotting using antisera against the carbo'xyl terminus 
of FU4 and the ECL method (Amersham). 

For production of anti-Flt4 antiserum the FU4 cDNA 65 
fragment encoding' the' 40 carboxy-terminal amino acid 
residues of the short, form: NH2-. PMTPTTYKG SVDN- 
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QTDSGM VLASEEFEQI ESRHRQESGFR-COOH (SEQ 
ID NO: 8) was cloned as a 657 bp EcoRI-fragment into the 
pGEX-IXT bacterial expression vector (Pharmacia) in frame 
with the glutathione-S-transferase coding regioa. The result- 
ant GST-Flt4S fusion protein was produced in £. coli and 
purified by affinity chromatography using a glutathione - 
Sepharose 4B column. The purified protein was lyophilized, 
dissolved in phosphate buffered saline (PBS), mixed with 
Freund's adjuvant and used for immunization of rabbits at 
biweekly intervals using methods standard in the art 
(Harlow and Lane, Antibodies, A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, 1988). Antisera were used 
. after the fourth booster immunization for immunoprecipita- 
tion of FU4 from the transfected ceils and cell clones 
expressing Flt4 were used for ligand stimulation analysis. 

' EXAMPLE 3 

Construction of a FU4 EC Baculovirus Vector and 
Expression and Purification of its Product 

The construction of an Flt4 extracellular domain (EC) 
baculovirus vector is schematically shown in FIG. 3. The 
Flt4-encoding cDNAhas been prepared in both a long form 
and a short form, each being incorporated in a vector under 
control of the Moloney murine leukemia virus LTR pro- 
moter. The nucleotide sequence of the short form ofthe FU4 
receptor is available on the Genbank database as Accession 
No. X68203 and the- specific 3' segment of the long form 
cDNA is available as Accession No. S66407. 

The ends of a cDNA segment encoding Flt4 extracellular 
domain (EC) were modified as follows: The 3' end of FH4 
cDNA. sequence (Genbank Accession Number X68203) 
which encodes the extracellular domain was amplified using 
primer 1116 5 , -CTGGAGIQlACrTGGCGGACT-3' (SEQ 
ID NO: 9, Sail sue underlined) and primer 1315 5'-CGC 
G£1^1QI;CTAGTGATGGTGATGGTG 
GATCATGCT GCCCTTAT .CCTC-3' (SEQ ID NO: 10, 
BamHI site underlined). The sequence complementary to 
that of primer 1315 continues after the Fit4 reading frame 
and encodes 6 histidine residues for binding to a Ni-NTA 
column (Qiagen, Hilden, Germany) followed by a stop 
codon, and an added Bam HI site. The amplified fragment 
was digested with Sail and BamHI and used to replace a 
unique Sall-BamHI fragment in the LTRFU4 vector/shown 
in FIG. 3. The Sall-BamHI fragment, that was replaced 
encodes the FU4 transmembrane and cytoplasmic domains. 
. The 5' end without the Flt4 signal sequence encoding 
region was amplified by PCR using the primer. 1335 5'- 
CCC AAGCTTGGATCC AAGTGGCTACTCCATGACC-3' 
(SEQ ID NO: 11) (the pnmer contains added Hindlir 
(AAGCTT) and BamHI (GGATCC) restriction sites, which 
are underlined) and primer 1332 
5 r -GTTGCCTGTGATGTGCACCA-3' (SEQ ID NO: 12). 
The amplified fragment was digested with Hindlll and SphI 
(the Hindlll site (AAGCTT) is underlined in primer 1335 
and the SphI site is within the amplified region of the FU4I 
cDNA). The resultant Hindlll-S.phI fragment was used to 
replace a HindW-Sphl fragment in the modified LTRFU41 
vector described immediately above (the" Hindlll site is in 
the 5' junction of the Flt4 insert with the pLTRpoly portion 
of the vector, the SphI site is in FU4 cDNA). The resultant 
FU4EC insert was then ligated as a BamHI fragment into the 
BamHI site in the pVTBac plasmid as disclosed in Tessier 
et ai., Gene 98: 177-183 (1991), incorporated by reference 
herein. The orientation was confirmed to be correct by 
partial sequencing so that, the open reading frame of the 
signal sequence -encoding portion of the vector continued in 
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frame with the FU4 sequence. That' construct was tnmsfected 
together with the bacuiovirus genomic DNA into SF-9 cells 
by lipofection. Recombinant vims was purified, amplified 
and used for infection of High-Five cells (Invitrogen, San 
Diego, Calif.) using methods standard in the art. The Flt4 
extraceLlular domain (FU4EC) was purified from the culture 
medium of . the infected High-Five ceils using Ni-NTA 
affinity chromatography according to manufacturer's 
instructions (Qiagen) for binding and elution of the 6xHis 
tag encoded in the CQOH-terminus of the recombinant Flt4 
extracellular domain. 

EXAMPLE 4 
Isolation of FU4 Ligand from Conditioned Media 

An FU4 ligand according to the invention was isolated 
from conditioned media from PC-3 prostatic adenocarci- 
noma cell- line CRL1435 from the American Type Culture 
Collection and cultured as t instructed by the supplier in 
Ham's- F-12 Nutrient mixture (GIBCO) containing 7% fetal 
calf serum. In order to prepare the conditioned media,' 
confluent PC-3 cells were cultured for 7 days in Ham's F-12 
Nutrient mixture (GIBCO) in the absence of fetal bovine 
serum. Medium was then cleared by centrifugauon at 10,000 
g for 20 minutes. The medium was then screened to deter- 
mine its ability to induce tyrosine-phosphorylation of Flt4 by 
-■exposure to NIH3T3 cells which had 'been transfected with' 
Flt4-enooding cDNA using the pLTRFU4l vector; For recep- 
tor stimulation experiments, subconfluent NIH3T3 cells 
were starved overnight, in serum-free DMEM medium' 
(GIBCO) containing 0.2% BSA. The cells were stimulated 
with the conditioned media for 5 minutes, washed twice with 
cold PBS containing 100' uM vanadate and lysed in RIPA 
buffer (10 mM Tris pH 7.5,. 50 'mM . NaCl, 0.5% sodium 
-deoxycholate, 0.5% Nonidet P40 (BDH v ~Poole, England), 
.0.1% SDS, 01 U/ral Aprotmin (Boehringer Mannheim), 1 
mM vanadate); for receptor^immunoprecipitation analysis. 
The lysates were centrifuged for. 20 minutes at l5,000xg. 
The supernatants were incubated for 2 hours on ice with 3 
ul of the antiserum against the FU4 C-terminus described in 
Example 2 and also- in" Paju'sola, et al. Oncogene. 8: 
2931-2937, (1993), incorporated by refereace herein. . 

After a 2 hour incubation in the presence of anti-FU4 
antiserum, protein A-Sepharose (Pharmacia) was added and 
■ incubation was continued, for 45 minutes with rotation. The 
immuooprecipitates were washed three times with the 
immunoprecipitatibn buffer and twice with 10 mM Tris, 
,pH7.5 before analysis in SDS-PAGE. Polypeptides were 
transferred to nitrocellulose and analyzed by Western blot- 
ting using Fit 4- 'or phaspho tyrosine -specific anusera and the 
ECL method (Amersham International, Buckinghamshire,^ 
England). Anti-phosphotyrosine monoclonal antibodies. 
(anti-PTyr; PY20) were purchased from Transduction Labo- 
ratories (Lexington, Ky:). In some cases, the filters were 
restained with a second antibody after stripping. The strip- 
pine of the filters was dons for 30 minutes at 5° C. in 100 
mM 2-mercapioethanol, 2%SDS, 62.5 mM Tns-HCl pH 6.7 
with occasional agitation.' 

As shown in FIG. 4, the PC-3 cell conditioned medium 
stimulated tyrosine phosphorylation of a 125 kD polypep- 
tide when Flt4-expressing NIH3T3 cells were . treated with 
the indicated preparations of media, lysed, and the lysates 
were immunoprecipitated with anti-FU4 antiserum followed, 
by SDS-PAGE, Western blotting, and' staining using anti- 
PTyr antibodies. The resulting band was weakly phospho- 
rylated upon stimulation with unconcentrated PC-3 condi- 
tioned medium" (lane 2). The 125 kD band comigrated with 
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the tyrosine phosphorylated, processed form of the mature 
Flt4 from pervan ad ate -treated cells (compare lanes 2 and 7 
of FIG. 4, see also FIG. 5 A). Comigration was confirmed 
upon restainxng with anti-Flt4 antibodies as is also shown in 

5 FIG. 5A (panel on the right). In order to show that the 125 
kD polypeptide is not a noa-specific component of the 
conditioned medium reactive with anti-phosphotyrosine 
antibodies, 15 ul of conditioned medium were separated by 
SDS-PAGE, blotted on nitrocellulose and the blot was 

10 stained with anti-PTyr antibodies. No signal was obtained 
(FIG. 5B). Also, unconditioned medium failed to stimulate 
Flt4 phosphorylation, as shown in FIG. 4, lane 1. 

As shown in FIG. 4, lane 3, stimulating activity was 
considerably increased when the PC-3 conditioned medium 

15 was concentrated four- fold using a Centricon-10 concentra- 
tor (Amicon). FIG. 4, lane 4, shows that pretreatment of the 
concentrated PC-3 conditioned medium with 50 ul of the 
Flt4 extracellular domain coupled to CNBr-activated 
sepharose CL-4B (Pharmacia; about 1 mg of FU4EC 

20 domain/ml sepharose resin) completely abolished FU4 
tyrosine phosphorylation. Similar pretreatment of the con- 

- ditioned medium with unsubstimted sepharose CL-4B did 
not affect stimulatory activity, as^shown in FIG. 4, lane 5. 
' Also, the flow through obtained after concentration, which 

25 contained proteins of less than 10,000 molecular weight, did 
" not stimulate FU4 phosphorylation, as shown in FIG. 4, lane 
6. * 

The foregoing data show that PC-3 cells produce a ligand 
which binds to the extracellular domain of Flt4 and activates 

30 this receptor. 

EXAMPLE 5 / 

Purification of the Flt4 Ligand 

" 5 The ligand expressed by PC-3 cells as characterized in 
Example 4 was purified and isolated using a recombinantly- 
produced FU4 extracellular domain (Flt4EC) in affinity 
chromatography. 

40 Two harvests of serum-free conditioned medium, com- 
prising a total of 8 L, were collected from 500 confluent 15 
cm diameter culture dishes containing confluent layers of 

.- PC-3 cells. The conditioned medium was clarified by cen- 
trifugation at l0,000xg and concentrated 80-fold using an 

45 UUrasette Tangential Flow Device (Filtron, No rthbo rough, 
Mass.) with a 10 kD cutoff Omega Ultrafiltration membrane 
1 according to the- manufacturer's instructions. Recombinant 
Flt4 extracellular domain was expressed in a recombinant 
baculo virus cell system and purified by affinity chromatog- 

50 raphy on Nt-agarose (Ni-NTA affinity column obtained from 
Qiagen). The purified extracellular domain was coupled to 

: CNBr-activated Sepharose CL-4B at a concentration of 5 
rug/ml and used as an affinity matrix for ligand affinity 
chromatography. 

55 Concentrated conditioned medium was incubated with 2 
ml of the recombinant FU4 extracellular domain-Sepharose 
affinity matrix in a rolling tube at room temperature for 3 
hours. All subsequent purification steps were at +4° C. The 
affinity matrix was then transferred to a column (Pharmacia) 

60 with an inner diameter of 15 mm and washed successively 
with 100 ml of PBS and 50 ml of 10 mM Na-phosphate 
buffer (pH 6.8). Bound material was eluted step-wise with 
100 mM glycine-HCl, successive 6 ml elu dons having pHs 
of 4.0, 2.4, and 1.9. Several 2 ml fractions of the eluate were 

65 collected in tubes containing; 0.5 ml 1 M Na-phosphate (pH 
S.0). Fractions were mixed immediately and dialyzed in- 1 
mM Tris- H CI (pH 7.5). Aliquots of 75 ul each were analyzed 
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EXAMPLE 6 

Construction of PC -3 Cell cDNA Library in a 
Eukaryotic Expression Vector 



20 



for their ability to stimulate tyrosine phosphorylation of 
Flt4. The ultrafiltrate, 100 ul aliquots of the concentrated 
conditioned medium before and after ligand affinity 
chromatography, as well as 15-fold concentrated fractions of 
material released from the FU4 extracellular domain- 5 
Sep ha rose matrix dunng the washings were also analyzed 
for their ability to stimulate -FU4 tyrosine phosphorylation. 

As shown in FIG. 6, lane -3, the concentrated conditioned 
medium induced prominent tyrosine phosphorylation of Flt4 
in transfected NIH3T3 cells overexpressing Flt4. This achv- 10 
ity was not observed in conditioned medium taken after 
medium was exposed to the Flt4 Sepharose affinity matrix 
described above (lane 4). The specific ally -bound FU4- 
stimulatuig matenal was retained on the affinity matrix upon 
washes irfPBS, 10 mM Ma-phosphate buffer (pH 6.8), and 15 
at pH 4.0 (lanes 5-7, respectively), and it was eluted in the 
first two 2 ml aliquots at pH 2.4 (lanes 8 and 9). A further 
decrease of thepH of the elutioo buffer did not cause, release 
of additional Flt4-stimulating material (lane 11). 

.Small aliquots. of the chromatographic fractions were 
concentrated in a SpeedVac concentrator (Savant,, 
Farmmgdale, N.'Y.) and subjected to SDS-PAGE under 
reducing conditions with subsequent silver staining of the 
gel. As shown in FIG. 7, the major polypeptide, having a 
molecular -weight of approximately 23 kD (reducing 25 
conditions), was detected in the fractions containing Flt4 
stimulating activity (corresponding to lanes -8 and 9 in FIG. 
6). That polypeptide was not found, in the other chromato- 
graphic fractions. On the other hand, all other components 
detected in the two active fractions were also distributed in 
the 1 starting material and in small amounts in the .other 
washing and elution steps after their. concentration. Similar 
results were obtained in three independent affinity 
■purifications,. indicating -that the 23 kD polypeptide specifi- 
cally binds to FU4 and induces its tyrosine phosphorylation. 
Fractions containing the 23 kD polypeptide were 

'combined, dried in a SpeedVac concentrator and subjected 
to SDS-PAGE in a 12.5% gel. The proteins from the gel 
were then elecirob lotted to' Immobilon-P (PVDF) transfer ^ 
membrane (Millipore, Marborough, Mass.) and visualized 
by staining' of the blot with Cpomassie blue R-250. The 
region containing only the stained 23 kD band was cut from 
the blot and was subjected to N-terminal amino acid 
sequence analysis in a Prosite Protein Sequencing System 45 
(Applied Biosystems, Foster City, Calif.). The data were 

. analyzed using a 610A Data Analysis System (Applied 
Biosystems). Analysis revealed a single- N-terminal 
sequence of NH,-XEETIKFAAAHYNTEILK-COOH (SEQ 
ID NO: 13). " 
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Poly(A)" RNA was isolated from five 15 cm diameter 
confluent dishes. of PC-3 cells by a single step method using 
oligo^dT) (Type III, Collaborative Research) cellulose affin- 
ity chromatography (Sambrook el al., Molecular Cloning, A 
Laboratory Manual; Cold Spring Harbor Laboratory Press,. 60 
1989). The yield was 70 ug. Six micrograms of the Poly(Ar 
RNA were used to prepare ' an oligo(dT)-p rimed cDNA 
library in the mammalian expression vector pcDNA I and 
the Librarian kit of Invitrogen according to the instructions 
included in the kit. The library was estimated to contain 65 
about 10° independent recombinants with an average insert 
-size of approximately l.S kb. 



. Amplification of the Unique Nucleotide Sequence 
Encoding the Flt4 Ligand 

Degenerate oligonucleotides were designed based on the 
N-termmal amino acid sequence of the isolated Flt4 ligand 
and were used as primers in a polymerase chain reaction 
(PCR) .to amplify cDNA encoding the Flt4 ligand from a 
PC-3 cell Library. The overall strategy is schematically 
depicted in FIG. 9 A, where the different primers bay e been 
marked with arrows. 

The PCR was carried out using 1 fi% of DNA from the 
amplified PC-3 cDNA library and a mixture of sense -strand 
primers comprising S'-GCAGARGARACNATHAAO' 
(SEQ ID NO: 14)(wherein R is A or G T N is A,G,C or T and 
H is A, C or T), encoding amino acid residues 2-6 (EETIK, 
SEQ ID NO: 15) and antisense-strand primers 
5' -GC AYTTNARDATYTCNGT-3' (SEQ^ ID NO: 16) 
(wherein Y is C or T and D is A, G or T), corresponding to 
amino acid residues 14-18' (TEILK, SEQ ID NO: 17). Three 
exira nucleotides (GCA) were added to the 5'-terminus of 
each primer to increase annealing stability. Two successive 
PCR runs were carried out using 1 U per reaction of 
DynaZyme (F-500L, Finnzymes), a thermostable DNA 
polymerase, in a buffer supplied by the manufacturer (10 
mM Tris-HCL pH 8.3 at 25° C, 1.5 mM MgCL, 50. mM 
KG, 0.1% Triton-XlOO), at an extension temperature of 72° 
C. The first PCR run was carried our for 43 cycles. The first 
three cycles were run at an annealing temperature of 33° C. 
far 2 minutes, and the remaining cycles were run at 42° C. 
for 1 minute. 

The region of the gel containing a weak band of the 
expected size (57 bp) was cut out from the gel and eluted. 
The eluted material was reampiified for 30 cycles using the 
same prune r pairs described above at 42° C for 1 minute. 
The amplified fragment was cloned into a pCR II vector 
(Invitrogen) using the TA cloning kit (Invitrogen) and 
sequenced using the radioactive dideoxynucleotide sequenc- 
ing method of Sanger. Six clones were analyzed and all ' 
contained the sequence encoding the expected peptide 
(amino acids 2— IS of the Flt4 ligand. precursor). Nucleotide . 
sequence spanning the region from the third nucleotide of 
coddn 6 to the third nucleotide of codon 13 (the extension : 
region) was identical in all six clones: 
5 , -A^TCGCTGCAGCACACTACAAC-3 , (SEQ ID NO: IS) 
and thus was considered to represent an amplified product 
from the unique sequence encoding part of the amino 
terminus of the FU4 ligand. 

EXAMPLE 3 

Amplification of the 5'-end of the cDNA Encoding 
the Flt4 Ligand 

Based on the unique nucleotide sequence encoding the 
N-terminus of the isolated FU4 ligand, two pairs of nested 
primers were designed to amplify, in two subsequent PCR- 
reactions, the complete 5'-end of the corresponding cDNAs\ 
from one microgram of DNA from the above -described 
PC-3 cDNA library. First,. amplification was performed with 
primer 5'-TCNGTGTTGTAGTGTGCTG-3' (SEQ ID NO: 
19), which is the antisense-strand primer corresponding to 
ammo acid residues 9-15 (AAHYNTE, SEQ ID NO:' 20), 



and 



se nse - stra nd 



prime r 



5 , -TAATACGACTCACTATAGGG-3 , (SEQ ID NO: 21),, 
corresponding to the T7 RNA promoter of the pcDNAI 
.vector used for construction of the library. 'Touchdown" 
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PGR was used as disclosed m Don, et al., MucL Acids Res., 
19: 4008 (1991), incorporated by reference herein.. The 
annealing temperature of the two first cycles was 62° C. and 
subsequently the annealing temperature was decreased in 
every other cycle by 1° C. until a final temperature of 53° C. 5 
was reached, at which temperature 16 additional cycles were 
conducted. Annealing time was 1 minute and extension at 
each cycle was conducted at 72° C. for 1 minute. Multiple 
amplified. DNA fragments were obtained in. the first reaction. 
The products of the first amplification (1 ul of a 1:100 1Q 
dilution in . water) were used in the second amplification 
reaction e rap loving the aested primers 5'- 
GTTGTAGTGTGCTGCAGCGAATT-3' (SEQ ID NO: 22), 
an a misen.se -strand primer corresponding to amino acid - 
residues 6-13 (KFAAAHW..SEQ ID MO: 23) of the Flt4 
ligand, and 5 , -TCACrATAGGGAGACCCAAGC-3' (SEQ 15 
ID NO: 24), a sease-strand primer corresponding to nucle- 
otides 2179-2199 of the pcDNAl vector. The sequences of 
these sense and antisense primers overlapped: with the 3' 
ends of the corresponding primers used in the first PCR. 
"Touchdown" PCR was earned out by decreasing the 20 
annealing temperature from 72° C. to 66° C. and continuing 
with 18 additional cycles at 66° C. The annealing time was ' 
1 minute and extension at each cycle was carried out at 72° 
C for 2 minutes. One major product of about 220 bp and 
three minor products of about 270 bp, 150 bp, and. 100 bp 25 
were obtained. 

The amplified fragment" of approximately 220 bp was. cut 
out from the agarose gel, cloned into a pCRII vector using 
the TA cloning kit (Invitrogen) and sequenced. Three recom- 
binant clones were analyzed and they contained the j Q 
sequence 

5 ' -TC ACTATA g g g a g a cc c aag cttg gtac c gag CT 
CGGATCCACTaGT AACGGCCGCCAGTGTGGTG- . 
rtAATTC GACGAACTCATGACTGTACTCT 
ACCCAGA.ATATTGG.AA.WGTAC.AAGTGTGAGCTAA 35 
GGCAAGGAGGC 

TG G C AAG ATAAC AG AG AAC AG G CCAACCTC AACTC 
AAGGACAGAAG ' \ . 

AGACTATAAAATTCGCTGCAGCACACTACAAC - y 
(SEQ ID NO: 25). The beginning of the sequence represents 4G 
the pcDNAl vector and the underlined sequence represents 
the amplified product of the 5' -end of the insert. The ATG 
codon located upstream of that sequence in the same reading 
frame is followed by an open reading frame containing the 
amplified product of the putative signal sequence and the 45 
.first 13 amino acid residues of the secreted FU4 ligand. The 
cloning of the 5' end of the FU4 cDNA, as described in the 
preceding two examples, is depicted schematically in FIG. 
9 A. 

EXAMPLE 9 ' 50 

Amplification of the 3'-end of cDNA Encoding the 
Flt4 Ligand 

Based upon the amplified 5'-sequence of the clones 
encoding the FU4 ligand, two pairs of non-overlapping 55 
aested primers were designed to amplify the 3'-portion of the 
F-LT4-L clones. The sense-strand primer 
5 , -ACAGAGAACAGGCCAACC-3' (SEQ ID NO: 26) and 
' amisense-sirand primer S'-TCTAGCATTTAGGTGACAC^ . 
3' (SEQ ID NO: 27) corresponding to nucleotides 60 
2311-2329 of the pcDNAl vector were used in a first 
"touchdown" PCR. The annealing temperature of the reac- \ 
tion was decreased l fl C. every two cycles from 72° C to 52° 
C., at which temperature 15 additional cycles were carried 
out. The annealing time was 1 minute and extension at each 65 
cycle was carried out at -72° C. for 3- minutes. DNA frag- 
ments of several sizes were obtained in the first amplifica- 



tion. Those products were diluted 1:200 in water and ream- 
plified in PCR using the second pair of primers: 
5 ; -AAGAGACTATAAAA^TCGCTGCAGC-3 , (SEQ ID 
NO: 28) and 5 , -CCCTCTAGATGCATGCTCGA-3 , (SEQ ID 
NO: 29) (antisense-strand primer corresponding to nucle- 
otides 2279-2298 of the pcDNAl vector). Twq DNA frag- 
ments were obtained, having sizes of 1350 bp and 570 bp. 
Those fragments were cloned into a pCRII vector and the 
inserts of the clones were sequenced. Both of these frag- 
ments were found to contain sequences encoding an amino 
acid sequence homologous to the VEGF sequence. 

EXAMPLE 10 

Screening the PC-3 Cell cDNA Library Using the 
5' PCR Fragment of FU4 Ligand cDNA. ' 

A 219 bp S'-tenninai fragment of Flt4 ligand cDNA was 
amplified by PCR using the 5 1 PCR fragment described 
above and primers 5'- 

GTTGTAGTGTGCTGCAGCGAATTT-3' (antisense-strand 
primer, SEQ ID NO: 30) and 
S'-TCACTArAGGGAGACCCAAGCO' (SEQ ID NO: 31) 
(serise-primer corresponding to nucleotides 2179-2199 of 
the pcDNAl vector). Tne amplified product was subjected to 
digestion with EcoRI (Boehringer Mannheim) to remove the 
portion of the DNA sequence amplified from the pcDNAJ 
vector and the resulting 153 bp fragment encoding the 5' end 
of the~Flt4 ligand was labeled with [ 32 P>dCTP using the 
Kleuow fragment of £. coli DNA polymerase I (Boehringer 
Mannheim);. That fragment was used as a probe for hybrid- 
ization screening of the amplified PC-3 cell cDNA library. 

Filter replicas of the library were hybridized with the 
radioaciively labeled probe at 42° C. for 20 hours- in a 
solution containing 50%' formamide, 5xSSPE, 5xDenhardt J s 
solution, 0.1% SDS and 0.1 trig/ml denatured salmon sperm 
DNA. Filters were washed twice in IxSSC, 0.1% SDS for 
30 minutes at room temperature, then twice for 30 minutes 
at 65° C. and exposed overnight. 

On the basis of autoradiography, 10 positive recombinant 
bacterial colonies hybridizing' with the probe were chosen 
from the library. Plasmid DNA was purified from these 
colonies and analyzed by EcoRI and NotI digestion and 
agarose gel electrophoresis followed by ethidium bromide 
staining. The. ten plasmid clones were divided into three, 
groups on the basis" of the presence of insert sizes of 
approximately 1.7, 1.9 and 2.1 kb, respectively. Inserts of 
plasmids from each group were sequenced using the T7 
oligonucleotide as a primer and walking primers for subse- 
quent sequencing reactions^ 

Sequence analysis showed that all clones contain the open 
reading frame encoding the NH2-terminaI sequence, of the 
FU4 ligand. Furthermore, the 2.1 and 1.9 kb clones also 
contained sequences encoding the signal sequence (FIG. 9 A, 
SS). The 5" end of the 1.7 kb clone began within the signal 
sequence -encoding portion. Dideoxy sequencing was coa- 
tinued using waLking primers in the downstream direction. 
An 1140 nucleotide portion of the sequence of the longest 
clone is shown in FIGS. 9B through 9D. As can be seen in 
that figure, after the putative signal sequence the open 
reading frame terminates in a TAA stop codon 3 IS amino 
acid residues further downstream from the 33 amino acid 
signal sequence. When compared with sequences in the 
GenBank Database, the predicted protein product of this 
reading frame was found -to be homologous with the pre- 
dicted ammo acid sequences of the PDGF/VEGF family of 
growth factors, as shown in. FIGS. 10 A through luD._ 
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EXAMPLE LI 

Stimulation of FIt4 Autophosphorylation by the 
Protein Product of the Flt4 Ligand Vector . 
The 2.1 kb insert of the FU4-L clone in pcDNAI vector 
containing the open reading frame encoding the sequence 
shown in FIGS. 9B through 9D (SEQ "ID NO: 32) was cut 
out from the vector using Hindlll and NotI restriction 
enzymes, isolated from a preparative agarose gel and ligated 
to the corresponding sites in the p"REP7 expression vector 
(lavitrogen). The pREP7 vector containing the above cloned 
insert was . transfected into 293-EBNA cells (Invitrogea) 
using the calcium phosphate transfection method (Sambrook 
et al., Molecular Cloning, A Laboratory Manual; Cold 
Spring Harbor Laboratory Press, 1989). Abouf 48 hours after 
transfection the medium of the traasfected cells was changed 
to"' D MEM medium lacking fetal calf serum and incubated 
for 36 h. The thus conditioned medium was then collected, 
centrifuged at 5000xg for 20 minutes, the supernatant was 
concentrated 5-fold using Centriprcp 10 (Amicon) and used 
to stimulate NIH3T3 cells expressing LTRFU4I, as in 
Example -4. The cells were lysed, immunoprecipitated using 
anti-FU4 antiserum and analyzed by Western blotting using 
anti-phospbotyrosine antibodies. 

As can be seen from FIG. 11, lanes i and 3, the'coadi- 
tioaed medium from two different dishes of the transfected 
cells stimulated FU4 autophosphorylation in comparison 
with the medium from mock-transfected cells, which gave 
only' background levels of phosphorylation of the FU4 
receptor (lane 2). When the concentrated conditioned 
medium was pre-absorbed with 20 ul of a slurry of Flt4EC 
domain'coupled to Sepharose (see example 4), no phospho- 
rylation was. obtained (lane 4), showing that' the activity 

-responsible for FU4" autophosphorylation was indeed Lhe- 
FU4 Ugaod. Thus, these results demonstrate that the FU4-L 
plasmid vector clone-having an approximately 2.1 kb. insert 
and containing the open reading frame shown in FIG. 9B is 
expressed into a FU4 ligand in cells transfected with the ' 
FU4-L expression vector clone, and thus is biologically 
active. The sequence encoded by that open reading frame is 
shown in SEQ ID NO: 33. Plasmid pFLT4-L has been 
deposited with the American Type Culture Collection, 12301 
Parklawn. Drive, Rockville, Md. 20852 as accession number 
97231. The approximately 2.1 kb cDMA insert of the depos- 
ited plasmid pFLT4-L was sequenced and. found to have a 
nucleotide sequence that includes the 1997 nucleotides of 
sequence set forth in SEQ ID MO: 44. The nucleotide 
sequence set forth in SEQ ID NO: 44 encodes the 419 
residue amino acid sequence set forth in SEQ ID NO: 45. 

However, the predicted molecular weight of the mature 
protein product deduced from the reading frame specified in 
SEQ ID NOs: 32-33 is 35881' and the FU4 ligand from PC-3 
cell cultures had an approximate molecular weight of 23 kD 
under reducing conditions. It is thus possible that the FU4-L 

' mRNA may be first translated into a precursor, from which 
.the mature Ligand is derived by proteolytic cleavage. Hie 
difference "in the observed molecular weight, of the isolated 
FU4 ligand and the deduced molecuLar weight of the dis- 
closed open reading frame of the Flt4 ligand sequence may 
then derive from sequences in the carboxyl terminal region 
of the latter. .Also, the FU4 ligand may be glycosylated at two 
putative N-linked glycosylate sites conforming to the 
consensus which can be identified in the deduced. Flt4 ligand 
amino acid sequence (N-residues underlined in FIGS. 10B 
and IOC . 

' The carboxyl terminal amino acid sequences, which 
increase the predicted molecular weight of the Flt4 ligand 
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subunit in comparison with other ligands of this family, 
... show a pattern of spacing of cysteine residues reminiscent of 
the Balbiani ring protem 3 (BR3P) sequence (Dignam and 
Case, Gene 88, 133-140, .1990), as depicted in FIG. 9A. 

5 Such a sequence may encode an independendy folded 
domain present in a Flt4 ligand precursor and it may be 
involved, for example, in the regulation of secretion, 
solubility, stability, cell surface localization or activity of the 
FIt4 ligand. Interestingly, at least one cysteine motif of the 

1Q BR3P type is also found in the VEGF carboxy terminal 
amino acid sequences. 

Thus, the FU4-L mRNA may be first translated into a 
precursor from the mRNA corresponding to the FU4-L 
clone, from which the mature ligand is derived by pro- 

15 teolytic cleavage. To define the mature Flt4 ligand product 
one first expresses the cDNA clone, which is deposited in the 
pcDKAJ expression vector, in cells, such as COS cells. One' 
uses antibodies generated against Flt4-L-encoded peptides,, 
such as amino terminal 23 amino acid peptide or bacterial 

7Q FIt4 fusion proteins, such as a GST- fusion protein, to raise 
antibodies against the VEGF-homologous domain of Flt4 
ligand. One then follows the biosynthesis and processing of 
the Flt4 ligand in- the transfected cells by pulse-chase 
analysis using radioactive cysteine for labelling of the cells, 

25 immunoprecipitation and gel electrophoresis. Using anti- 
bodies against the two domains of the product of the FU4-L 
clone material for radioactive /or nonradioactive aminoter- 
minal sequence analysis is isolated. The determination of the 
NH2-terminai sequence of the carboxyl terminal fragment 

30 allows for identification of the proteolytic processing site. 

' This is confirmed by site-directed mutagenesis of the amino 
acid residues adjacent to the cleavage site, which would 
prevent the cleavage. , - ■■ / 

On the other hand, the Flt4 ligand is characterized by 

35 progressive 3' deletions in the 3' coding sequences of the 
FU4 ligand precursor clone, resulting in carboxy -terminal 
truncations of its protein product. The activities of such 
truncated forms are assayed by, for example, studying FU4 
. autophosphorylation induced by the truncated proteins when 

40 applied to cultures of cells, such as N1H3T3 -cells expressing 
LTRFU4. By extrapolation from studies of the structure of 
the related platelet derived growth factor (PDGF, reference 
Heldin et aL, Growth Factors 8:245-252 (1993)) one deter- 
mines that the region critical for receptor activation by the 

45 Flt4 ligand is contained within its first approximately 180 
amino acid residues of the secreted VEGF-C protein lacking 
the signal sequence, and apparently within the first approxi- 
mately 120 amino acid residues. 

On the other hand, the difference between the molecular 

50 weights of the purified ligand and the open reading frame of 
the Flt4 precursor clone may be due to the fact that the 
soluble ligand was produced from an alternatively spliced 
mRNA which would also be present in the PCr3 cells, from 
which the isolated ligand was . derived. To isolate such 

55 alternative cDNA clones one uses cDNA fragments of the 
deposited' clone and' PCR primers made according to the 
sequence provided as well as 1 techniques standard in the art 
to isolate or amplify alternative cDNAs from the PC-3 cell 
cDNA library. One may also amplify using reverse tran- 

60 scription (RT)-PCR directly from the PC-3 mRNA using the 
primers provided in the sequence of the FU4-L clone. 
Alternative cDNAsequences are determined from the result- 
ing cDNA clones. One can also isolate genomic clones 
corresponding to the FU4-L transcript from a human 

65 genomic DNA library using methods standard in the art and 
to sequence such clones or their subcloned" fragments to' 
reveal the corresponding exons. Alternative exons can then 
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be identified by a number of methods standard in the art, 
such as heteroduplex analysis of cDNA and genomic DNA, 
which are subsequently characterized. 

EXAMPLE 12 

Expression of the FU4L Gene 

Expression of transcripts corresponding to the Flt4 ligand 
(VEGF-C) was analyzed by hybridization of Northern blots 
containing isolated poIyf A)* RNA from HT-1080 and PC-3 
human tumor cell lines. The -probe was the radioactively 
labelled insert of the'2.1 kb cDNA clone (specific activity 
10 8 -10 9 cpm/mg of DMA). The blot, was hybridized over- 
night at 42° C. using 50% form amide, 5xSSPE buffer, 2% 
SDS, lOxDenhardt's solution,' 100 aigfml' salmon sperm 
. DNA and lxiO d cpm of the labelled probe/ml. The blot was 
washed at room temperature for 2x30 minutes in 2xSSC 
containing 0.05% SDS, and then for 2x20 min at 52° C. in 
O.lxSSC containing .0.1% SDS. The blot was then exposed 
at -70° C. tor three days using intensifying screens and 
Kodak XAR film. Both cell lines expressed' an Flt4 ligand 
mRNA of about 2.3 kb, as well as VEGF and VEGF-B 
mRNA:s (FIG. 12). ' , 

. EXAMPLE 13 . .. 

VEGF-C Chains are Proteolytically Processed after 
Biosynthesis and Disulfide Linked 

-The predicted molecular mass of the secreted polypeptide, 
' as deduced from- the VEGF-C ORF specified in SEQ ID 
■ NOs; 32 add 33, .'is 35,881 kD, suggesting that VEGF-C 
mRNA may be firs^ translated into -.a precursor,- from which 
the mature ligand of 23 kD is derived by proteolytic cleav- 
age. 

; To study this,, metabolic labelling of 293 EBNA. cells 
transfected with the VEGF-C construct was carried out by 
addition of IQQ uCVml of Pro-mix™ .L-[ 35 S] in vitro cell, 
labelling mix (Amersham) to the culture medium devoid of 
cysteine and methionine. After two hours, the. cell layers 
were washed 1 twice with PBS and the medium was then 
replaced with DMEM-0.2% BSA. After 1, 3, 6, 12 and 24 
hours of subsequent incubation, the culture medium was 
collected, clarified by centrifugation, and concentrated, and 
VEGF-C was bound to 30 u\ of a slurry of FU4EC-Sepharo.se 
^overnight. at +4° C, followed by three washes in PBS, two 
washes in 20 mM Tris-HCl (pH 7.5), alkylation, SDS-PAGE 
and autoradiography. 

. These experiments demonstrated that a putative precursor 
polypeptide of 32 kD apparent molecular mass was bound to 
the'FU4EC affinity matrix from the' CM' of metabolically 
labelled cells transfected with a VEGF-C expression vector 
(FIG. 13A). Increased amounts of a 23 kJD receptor-binding' 
polypeptide accumulated in the culture medium during a 
subsequent chase period of 3. h, but not thereafter (lanes 2-4 
and data not shown), suggesting that the 23 kD form is 
produced by proteolytic processing, which is cell-associated 
and incomplete, at least in the transiently transfected cells. 
The arrows in FIG-. 13 A indicate the 32 kDa and 23 kDa 
polypeptides of secreted VEGF-C 

In a related experiment, VEGF-C isolated using FU4EC- 
Sepharose after a 4 a continuous metabolic labelling was 
analyzed by polyacrylamide gel electrophoresis in nonre- 
ducing conditions (FIG. 13B). Higher molecular mass forms 
were observed under nonreducing conditions, suggesting 
that the VEGF-C polypeptides can form disulfide-linked 
dimers. and/or muilimers (arrows in FIG. 13B). 
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Stimulation of VEGFR-2 Autophosphorylation by 
VEGF-C 

Conditioned medium (.CM) from 293 EBNA cells trans- 
fected with the VEGF-C vector also was used to stimulate 
porcine aortic endothelial (PAE) cells expressing VEGFR-2. 
Pajusola et al, Oncogene, 9:3545-55 (1994); Waitenberger 
et al.,/. Biol. Chem.,. 269:26988-95 (1994). The cells were 
lysed and immunoprecipitated using VEGFR-2 — specific 
antiserum" (Waitenberger et al, 1994). 

PAE-KDR cells (Waitenberger et al. T 1994) were grown in 
Ham's F12 medium-10% fetal calf serum (FCS). Confluent 
NIH3T3.-FU4 cells or PAE-KDR cells were starved over- 
night in D MEM or Ham's F12 media, respectively, supple- 
mented with 0.2% bovine serum albumin (BSA) and then 
incubated for 5 min. with the analyzed media. Recombinant 
human VEGF (R&D Systems) and PDGF-BB were used as 
a control stimulating agents. The cells were washed twice 
with ice-cold tris-buffered saline (TBS) containing 100 mM 
sodium orthovanadate and Wsed in R1PA buffer containing T 
mM phenylmemylsuLfooyl "fluoride (PMSF), 0.1 U/ml apro- 
tinin and 1 mM sodium orthovanadate. The lysates were 
sonicated, clarified by centrifugation at 16,000 g for 20 min. 
• and incubated for 3-6 h on ice with 3-5 ,ul of antisera 
specific for Flt4 (Pajusola et al., 1993), VEGFR-2 or 
PDGFR-P (Claesson-Welsh et aL, J. Biol Chem., 
264:1742-47 (1989); Waitenberger et al., 1994). Immuno- 
precipitates were bound to protein A-Sepharose, washed 
three times with R1PA containing 1 mM PMSF, 1 mM 
sodium orthovanadate, twice with 10 mM Tris-HCl (pH 7.4) 
and subjected to- SDS -PAGE, in a 1% gel.. Polypeptides were 
transferred to nitrocellulose by Western bLotting-and ana- 
lyzed using PY20 phosphotyrosine-specific monocloaal 
antibodies (Transduction Laboratories) or receptor-specific 
antiserum and ECL method (Amersham). 

The results of the experiment are presented in FIGS. 14A 
and 14B. As shown in FIG. 14A t PAE cells expressing 
VEGFR-2 were stimulated with 10- or 2 -fold concentrated 
medium from mock -transfected "293- EBNA cells (lanes 1 
and 2), or with 2-, 5- or- 10-fold concentrated medium from 
293-EBNA cell cultures expressing the recombinant 
VEGF-C (lanes 3-6). VEGFR-2 was immunoprecipitated 
with specific antibodies and analyzed by SDS-PAGE and 
Western blotting using phosphotyrosine antibodies. For 
comparison, the stimulations were carried out with oon- 
conditioned medium containing 50 ng/ml of purified recom- 
binant VEGF (lanes 7 and 8). Lanes 6 and 7 show stimu- 
lation with VEGF-C- or VEGF- containing media pretreated 
with Flt4EC.^As depicted in FIG. 14B, PDGFR-p- 
^expressing N1H3T3 cells were stimulated with non- 
conditioned medium (lane 1), 5-fold concentrated CM' from 
mock-transfected (lane 2) or VEGF-C— transfected (lanes 3 
and 4) cells, or with non-conditioned medium containing 50 
ng'ml of recombinant human PDGF-BB (lane 5). Medium 
containing VEGF-C was also pretreated with recombinant 
FU4EC (lane 4). PDGFR-P was immunoprecipitated with 
specific antibodies and analyzed by SDS-PAGE and Western 
blotting using phosphotyrosine antibodies with subsequent 
stnpping and reprobing of the membrane with antibodies 
specific for PDGFR-(3. 

A basal level of tyrosine phosphorylation of VEGFR-2 
was detected in cells stimulated by CM from the mock- 
transfected cells. A further concentration of this medium 
resulted in only a slight enhancement of VEGFR-2 phos- 
phorylation (FIG. 14A lanes 1- aad 2). CM containing 
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recombinant VEGF-C stimulated tyrosine autophosphoryla- 
tion of VEGFR-2 and the inteosity of the autophosphory- 
lated polypeptide band was increased upon concentration of 
the VEGF-C CM (lanes 3-5). Furthermore, the stimulating 
effect was abolished after pretreatment of Lhe medium with 5 
the FU4EC affinity matrix (compare lanes i, 5 and 6). The 
maximal effect of VEGF-C in this assay was comparable to 
the effect of recombinant VEGF added to unconditioned 
medium at concentration of 50 ng/mi (lane 8). Pretreatment 
of the medium containing VEGF with Flt4EC did not 10 
abolish its stimulating effect on VEGFR-2 (compare lanes 7 
and 8). These results suggest that the VEGF-C expression 
vector encodes a iigand not only for FU4 (VEGFR-3), but 
also for VEGFR-2. 

In order to further confirm that the stimulating effect of 1 5 
VEGF-C on tyrosine phosphorylation of VEGFR-3 and 
VEGFR-2 was receptor-specific, we analyzed the effect of 
.VEGF-C on tyrosine phosphorylation of. PDGF receptor (3 
(PDGFR-fS) which is abundantly expressed on fibroblastic 
cells. As can be seen from FIG. 14B, a weak tyrosine 20 
phosphorylation of PDGFR-(3was detected upon stimulation 
of- Flt4-expressing NIH3T3 cells with CM from the mock- 
transfected cells (compare lanes 1 and 2). Asimilar low level 
of PDGFR-Pphosphorylation was observed when the cells 
were incubated with CM from the VEGF-C transfected cells, 25 
with or without prior treatment with FU4EC (lanes 3 and 4). 
In contrast, the addition of 50 ng/ml of PDGF-BB induced 
a prominent tyrosine autophosphorylation of PDGFR-(3 
(lane 5). 

30 

EXAMPLE 15 . 

VEGF-C Stimulates Endothelial Cell Migration in" 
Co Li age n Gel 

CM from cell cultures transfected 'with Lhe VEGF-C 35 
expression vector was placed in a well made in collagen gel 
and used to stimulate the migraliou of bovine capillary 
' endothelial (BCE) ceils in the three-dimensional collagen 
gel as follows. 

' BCE cells (Folkman et.aL, Proc. Nat' I Acad. Sci USA,, 40 
76:5217-5221 (1979) were cultured as described in 
(Pertovaara et aI. T J. Biol. Chem., 269:6271-74 (1994)). The 
collagen gels were prepared by mixing type I collagen stock 
solution (5 mg/ml in 1 mM HC1) with an equal volume of 
2xMEM and 2 volumes of MEM coataimng 10% newborn 45 

"calf serum to give a final collagen concentration of 1.25 
mg/ml. The tissue culture plates (5 cm diameter) were 
coaled with about 1 mm thick layer of the solution, which 
was allowed to polymerize at 37° C. BCE cells were seeded 
on top of this layer. For the migration assays, the cells were 50 
allowed to attach inside a plastic ring (1 cm diameter) placed 

. on top of the first collagen layer. After 30min. f the ring was 
removed and unattached cells were rinsed away. A second 
layer of collagen and a layer of growth medium (5% 
newborn calf serum (NCS)), solidified by 0.75% low melt- 55 
ing point agar (FMC BioProducts, Rockland, Me.), were 
added. A well (3 mm diameter) was punched through all the . 
layers on both sides of the ceLl spot at a distance of 4 mm, 
and the sample or control media were pipetted daily into the 

. wells. Photomicrographs of the cells migrating out from the 60 

- spot edge were taken after six-days through an Olympus CK 
2 inverted microscope equipped with phase -contrast optics. 
The migrating cells were counted after nuclear staining with 
the fluorescent dye bisbenzimide (1 mg/ml, Hoechst 33258, 
Sigma). 65 

FIG. 15A depicts a comparison of the number of cells ■ 
migrating at different distances from the original area of 



attachment towards wells containing media conditioned by 
the non-transfected (control) or transfected (mock; VEGF- 
C; VEGF) cells, 6 days after addition of the media. The 
number of cells migrating out from the original ring of 
attachment was counted in five adjacent 0.5 mmx0.5 mm 
squares using a microscope ocular lens grid and 
1 Ox magnification. Cells migrating further than 0.5 mm were 
counted in a similar way by moving the grid in 0.5 mm steps. 
The experiments were carried out twice with similar results, 
and medium values from the one of the experiments are 
presented with standard error bars. The photographs in FIG. 
15B depict phase -contrast microscopy and fluorescent 
microscopy of the nuclear staining of BCE cells migrating 
towards the wells containing media conditioned by the 
mock-transfected cells or by VEGF-C — transfected cells. 
The areas shown is approximately 1 mm x 1.5 mm, and 
arrows indicate the borders of the original ring of attach- 
ment. 

After 6 days of treatment, the cultures were stained and 
cells at different distances outside of the original ring of 
attachment were counted using fluorescent nuclear staining 
and detection with a fluorescence microscope equipped with 
a grid. A comparison of the numbers of migrating cells in 
successive 0.5 mmx0.5 mm areas is shown in FIG. 15A. As 
can be seen from the columns, VEGF-C-containing CM 
stimulated cell migration more than medium conditioned by 
the non-transfected or mock-transfected cells but less than 
medium from cells transfected with a VEGF expression 
vector. An example of typical phase contrast and fluorescent 
microscopic fields of cultures stimulated with medium from 
mock-transfected or VEGF-C transfected cells is shown in . 
FIG. 15B. Daily , addition of 1 ng of FGF2 into the 'wells 
resulted in the migration of approximately twice the number 
of cells when compared to the stimulation by CM from 
VEGF-transfected cells. 

EXAMPLE 16 

VEGF-C is Expressed in Multiple Tissues 

Northern blots containing 2 micrograms of isolated poly 
(A)*" RNA from multiple human tissues (blot from Clontech) 
were probed with radioactively labelled insert of the 2.0 kb 
VEGF-C cDNA clone. Northern blotting and hybridization 
analysis showed that the 2.4 kb RNA and smaller amounts 
of a 2.0 kb mRNA are expressed in multiple human tissues, 
most prominently in the heart, placenta, muscle, ovary and 
small intestine (FIG. 16 A). Very little VEGF-C RNA was 
seen in the brain, liver or thymus and peripheral blood 
leukocytes (pbl) appeared negative. A similar analysis of 
RNA from human fetal tissues (FIG- 16B) shows that 
VEGF-C is highly expressed in the kidney and lung and to • 
a lesser degree in the liver, while essentially no expression 
is detected in the brain. Interestingly, VEGF expression 
correlates with VEGF-C expression in these tissues, whereas 
VEGF^B is highly expressed in all tissues analyzed. 

EXAMPLE 17 

' The VEGF-C Gene Localizes to Chromosome 4q34 

A DNA panel of 24 interspecies somatic cell hybrids, 
which had retained one or two human chromosomes, was 
used for the chromosomal localization of the VEGF-C gene 
(Bios Laboratories,. Inc., New Haven, Conn.). Primers were 
designed to amplify an about 250 bp fragment of the 
VEGF-C gene from somatic cell hybrid DNA. The. primers 
and conditions for polymerase, chain reaction (PCR) were 
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5^TGAGTGATTTGTAGCTGCTGTG-3' (forward) [SEQ The chromosomal localization of VEGF-C was further stud- 
ID NO:34] and 5 , -TATTGCAGCAACCCCCACATCT-3* ie d usmg metaphase FISH. Using the PI probe for VEGF-C 
(reverse) [SEQ ID NO:35] for VEGF-C (94° C, 60s/62 Q O, ^ FISH a Spcci a c hybridization to the 4q34 chromosomal 
45s/72° C, 60s). Hie PCR products were evaluated by band ^ / 4Q Qut Qf 44 hases (FIG> i7) 
electrophoresis in 1% agarose gels and visualized by 5 . ^ ' 
ethidium bromide staining in ultraviolet light. [a- 32 P]- Double -fluorocbrome hybridization using a cosmid probe 
dCTP-labelled cDNA inserts of a piasmid representing the specific for the aspartylglucosammidase (AGA) gene 
complete VEGF-C coding domain was used as a probe in showed that VEGF-C is located just proximal to the AGA 
Southern blotting and hybridization analysis of the somatic. gene previously mapped to the 4q34-35 chromosomal band, 
cell hybrid DMAs as instructed by the supplier (Bios 10 . 

Laboratories). Biotin labelled VEGF-C PI and digoxigemn labeled AGA 

The cell lines for fluorescence in situ hybridization cosmid probes were hybridized simultaneously to 

(FISH) were obtained from the American Type Culture metaphase chromosomes. This experiment demonstrated 

Collection (Rockviile, Md.). Purified DNA from PI clones mat Lne AGA gene is more telomericaily located than the 

7660 and 7661 (VEGF-C) (Genome Systems, Inc., St. 15 -vEGF-C gene. The foregoing example demonstrates the 

Louis, Mo.) were confirmed positive by Southern blotting of Qf olvauc[eotldes of tht , mention as chromosomal 

Eco Rl-digested DMA toUowed by hybridization with the ' r - 

VEGF-C cDNA. The PI clones were then labelled by nick mar ers " 
translation either with biotin-ll-dUTP, biotm-14-ATP 

(Sigma Chemical Co., "St.- Louis, Mo.) or digoxigenin ' 2Q EXAMPLE IS 
11-dUTP (Boehnnger Mannheim GmbH, Mannheim, 
Germany) according to standard protocols. PHA-stimulated 

peripheral "blood lymphocyte cultures were treated with . Effect of Glucose Concentration and Hypoxia on 

5-bromodeoxyuridine (BrciU) at an early replicating phase to VEGF, VEGF-B and VEGF-C mRNA levels in C6 

induce G-bandmg. See Takahashi et aL, Human Genet., ns Glioblastoma Cells 
86:14-16 (1995); Lemieux et al., Cytogenet. Cell Genet., 

59:311-12 (1992). Tne FISH procedure was earned out in Confluent cultures of C6 cells (ATCC CCL 107) were 

50% formamide, 10% -dextran sulphate' in 2xSSC using gr0 wn on 10 cm diameter tissue culture plates containing 2.5 . 

well-known procedures. See, e.g., Rytkonnen et al., ml of DM EM and- 5% fetal calf serum plus antibiotics. The 

Cvtoeenet Cell Genet, 68:61-63 (1995); Lichter et al., ™ , P , . - . . , ■ 

u -- 5 J ' ; , n . ' / n . 30 cultures were exposed for 16 hours to normoxia in a normal 

Proc: NatL.Acad. ScL OSA,: 8^:9664-68 (1983). Repetitive . r r 

a ■ vu cn f m „ 1 ' ce U culture incubator containing 0% CO^ (FIG. IS: lanes 

sequences were suppressed with 50-fold excess of Cot-1 - - ■ ■ . 9 v ■■ 

DNA (BRL, Gaithersburg, Md.) compared with the labeled marked ") or h yP 0Xia ( FIG - 18: lanes marked + ) ^ ciosm S 

probe. Specific hybridization signals were detected by incu- the cuiture P lales in an glass chamber and burning a 

■bating the hybridized slides in labelled antidigoxigenin 3S piece of wood inside until the flame was extinguished due to 

antibodies, followed by counterstaining with 0.1 mmol/L lack of oxygen. Polyadenylated RNA was isolated (as in the 

4 t 6-diamino-2-phenylindole. Probe detection for two-color other examples), and 8 micrograms of the RNA was elec- 

experiments was accomplished by incubating the slides in trophoresed and blot-hybridized with a mixture of the 

fluorescein isothiocyanate (FITC)-anti-digoxigeain antibod- VEGF, VEGF-B and VEGF-C probes (see FIG. 12). The 

ies (Sigma Chemical Co,) and Texas red-avidin (Vector 40 resu lts show that hypoxia strongly induces VEGF-A mRNA 

Laboratories, Burlineame, Calif.) or rhodamine-anti- , , , x , t , - , , , . , 

' _ T " " .* expression (compare lanes - and +), both in low and high 

digoxigenin and FITC-avidm. . . . , t ,. . . c . & ■ h 

5 - ( °. , . r glucose, but has no significant effect on the VEGF-B mRNA 

Multi-color, digital image analysis was used for f ^rrr oma' t . At u u 

... . ° , ' . - c cu u--j- levels. The VEGF-C mRNA isolated from hypoxic cells runs 

acquisition, display and quantification or hybridization sig- T . , , , , , , Jr - ■ ■ . . 

nals of metaphase chromosomes. The system contains a ' 4 < sh g htl V faster in § ei electrophoresis, and an extra band of 

PXL camera (Photometries Inc., Tucson, Ariz.) attached to faster mobility can be seen below the upper mRNA band, 

a PowerMac 7100/ Av workstation. IPLab software controls This observation suggests that hypoxia affects VEGF-C 

the camera operation, image acquisition and Ludl Filter RNA processing. One explanation for this observation is that 

" wheel. At least 50_nuclei were scored. Overlapping nuclei VEGF-C. mRNA splicing is altered, affecting the VEGF-C 

and clusters of cells were ignored. A slide containing normal 50 open reading frame and resulting in an alternative VEGF-C 

lymphocyte metaphase spreads and interphase nuclei was protein being produced by hypoxic cells. Such alternative 

, included in each experiment to control for the efficiency and forms of yEGF-C and VEGF-C-encoding polynucleotides 

specificity of the hybndization. " ^ contemplated as an " cl of tfae mvecUl0Q . ■ 

In order to determine the chromosomal localization of the 

human VEGF-C gene, DNAs from human rodent somatic 55 Deposit of Biological Materials: Piasmid FLT4-L has 

cell hybrids containing defined sets of human chromosomes beeQ dep0S1[ed with the /^mcia Type. Culture Collection . 

were analyzed by Southern blotting and hybridization with , VTrr v n ,, n n 1 -n \fj /T ica\ 

, 1 ■ * fs,,, , (ATCC), 12301 Parklawn Dr., Rockville Md. 20852 (USA), 

■ the VEoF-CcDNA probe. Among 24 DNA samples oa the v } . .. _ , _ , _ 

.... . r . t * 1 pursuant to the provisions ot the Budapest lreaty, and has 

hybrid panel, representing 'different human chromosomes, r v ■ v J 

■ human-specific signals were observed only in hybrids which 60 been a de P° sit date of JuL 24 ' 19 ? 5 1Qd 

contained human chromosome 4. The results were con- - . accession number 97231. 
armed by PCR of somatic cell hybrid DNA using VEGF-C 

specific primers, where amplified bands were obtained only * Whlie the P resent inveatioa has been desenbed in terms 

from DNAs containing human chromosome 4. of specific embodiments, it is understood that variations and 

A genomic PI piasmid for VEGF-C was isolated using 65 modifications will occur to those in the art. Accordingly, 

specific primers and PCR and verified by Southern blotting only such limitations as appear in the appended claims 

and hybndization usmg a VEGF-C specific .cDNA probe. ' should be placed on the invention. ^ _ 
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- SEQUENCE LISTING 

{ 1 ) GENERAL INFORMATION : 

(iii) NUMBER OF SEQUENCES: 45 

(2) INFORMATION FOR SEQ ID NO: I: 

(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 20 base, pairs 

(B ) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D ) TOPOLOGY:- linear 

(ii> MOLECULE TYPE: .DNA (genomic) 
(xi> SEQUENCE DESCRIPTION: SEQ "ID NO : i : 
TGTCCTCGCT GTCCTTGTCT . - , 20 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS : 
(A} LENGTH: 7 0 base pairs 
{3 ) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear . 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2':- , 
ACATGCATGC CACCATGCAG CGGGGCGCCG CGCTGTGCCT GCG AC TGTGG CTCTGCCTGG 60 
. GACTCCTGGA 70 

(2) INFORMATION FOR SEQ ID NO : 3 : : 

- (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 4 base pairs .""■">. 

( B ) TYPE: nucleic acid 

■ (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear, ■ ■ 

(ii) MOLECULE TYPE : DNA (genomic) - 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:' - 

ACATGCATGC CCCGCCGGTC ATCC - ' 2 4 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
( 3) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear , 
(ii) MOLECULE TYPE: DNA (genomic) 

(xi) . SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
CGGAATTCCC CATGACCCCA AC 22 

,(2} INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) . LENGTH: 33 base pairs 

( B ) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA ( genomic ) 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO:5: 
CCATCGATGG ATCCTACCTG AAGCCGCTTT CTT 

(2) INFORMATION FOR SEQ ID NO: 6: 

■ (i); SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 
(.0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ- ID NO : 6 : 

ATTTAGGTGA CACTATA 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
. (A) - LENGTH: J 4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear'' 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 7 : 
CCATCGATGG ATCCCGATGC TGCTTAGTAG CTGT ' . 

(2) INFORMATION FOR SEQ ID NO : 8 : 

( i) SEQUENCE CHARACTERISTICS : - 
(A). LENGTH: 4 0 amino acids 
■(B)- TYPE: amino ac id 

(C) STRANDEDNESS: sxngle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : ■ 

Pro Met Thr Pco Thr Thr Tyr Lys Gly Ser Vai Asp-Asn Gin Thr. Asp 
1 5 10 . 15 

Ser Gly Met Val Leu Ala Ser Glu" Glu Phe Glu Gin" lie Glu Ser Axg 
20 25 30 

His Arg Gin Glu Ser Gly Phe Arg 
35 40 



(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 
"(A) LENGTH: 21 base pairs 
(B) TYPE: nucleic acid 
-(C) STRANDEDNESS: single 
. (D) TOPOLOGY: linear ... 

(ii) MOLECULE TYPE: DNA (genomic) 

. (xi) SEQUENCE DESCRIPTION : SEQ ID NO : 9 : 

CTGGAGTCGA CTTGGCGGAC T 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 0 base pair a . 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY : linear 
(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CGCGCATCCC TAGTGATGGT GATGGTGATG TCTACCTTCC ATCATGCTGC CCTTATCCTC . SQ 



(2) INFORMATION FOR SEQ ID NO : 1 1 : • 

(i) -SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 4 base pairs , 
. (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY:, linear . 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) /SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
CCCAAGCTTG -GATCCAAGTG" GCTACTCCAT GACC v ; 3 4 

(2) INFORMATION FOR SEQ ID NO:12: , 

(i) SEQUENCE CHARACTERISTICS : 

(A) - LENGTH: 20 base pairs • 

(B) TYPE,* nucleic- acid . ■ \ 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

■ ■ - ■ . 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:12: 

GTTGCCTGTG ATGTGCACCA 20 

■ (2J INFORMATION FOR SEQ ID NO: 13: . : '/■■ 

(i) SEQUENCE CHARACTERISTICS : " "" - \ * 

. . (A) LENGTH: 18 amino acids 

(B) TYPE: amino acid ■ 

(C) STRAUDEDNESS : single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1.3 : 

Xaa Glu Glu Thr lie Lye Phe Ala Ala Ala His Tyr Aen Thr -Glu lie 
1 • 5 10. 15 

Leu Lys ' 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i)' SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid - . > ■ - 

(C) STRANDEDNESS: single 

.(D) TOPOLOGY: linear ... 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GCACARGAKA CNAT11AA l7 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE. CHARACTERISTICS : 
'"(A) LENGTH: 5 amino acids 

(B) TYPE:, amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE; pepxide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

Glu Giu Thr lie Lys 
1 5 



(2] INFORMATION FOR 5EQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 base pairs- 

(B) , TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA {genomic) 
"(xi) SEQUENCE DESCRIPTION: SEQ ID N0:U: 
GCAYTTN ARD ATYTCNGT 



(2) INFORMATION FOR. SEQ ID NO: 17; 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amine- .acid 
-(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 17 : 
Thr Glu lie Leu Lys 

: 5 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 2 base pairs 

(B) TYPE: nucleic acid . . 
(.C) STRANDEDNESS: single ; 

(D) TOPOLOGY: linear 

. (ii) MOLECULE TYPE: DNA (genoioic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l8: 
ATTCGCTGCA GCACACTACA AC ' ' 2 2 



(2) INFORMATION FOR SEQ ID NO:19: . - _ " " - . 

(i) SEQUENCE CHARACTERISTICS : - 

(A) . LENGTH: 19, base pairs 

(B) TYPE: nucleic ac^d ' 
'(C) STRANDEDNESS: single 

ID) TOPOLOGY: linear .\ " 

(ii) MOLECULE TYPE: "DNA (genomic) ' 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
TCNGTGTTGT AGTGTGCTG 19 

(2) INFORMATION FOR SEQ ID NO: 20.: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids' 
(3 ) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: Linear 



(ii) MOLECULE TYPE: peptide 
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{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Ala Ala His Tyr Asn Thr Glu 

I -5 . 



(2) INFORMATION FOR SEQ ID NO: 21: > 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2 0 .base pairs 
{ B ) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) • 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 1 : 
TAATACGACT CACTATAGGG .20 

(2) INFORMATION FOR- SEQ ID NO: 22: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs . 
( B ) TYPE': nucleic acid 

(C) STRANDEDNESS:- single 

(D) TOPOLOGY: linear - 

(ii) MOLECULE TYPE: DNA (genomic) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 22 : ' 
GTTGTAGTGT GCTGCAGCGA ATTT ' ' . . 24 

(2) INFORMATION 'FOR SEQ ID HQ: 23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
' ( 3 ) TYPE:- amino acid 

' (C) STRANDEDNESS: single 
(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: peptide . 

[xi) SEQUENCE DESCRIPTION: SEQ IDNO:23: 

Lys Phe Ala Ala Ala Hia Tyr Asn 

1-5 

(2) INFORMATION FOR SEQ ID MO: 24: - .. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH:^ 21 base pairs 

(B) TYPE: nucleic acid . ■ 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

{ii) MOLECULE .TYPE : DNA (genomic) _ " ' 

(xi) SEQUENCE DESCRIPTION: "SEQ 10 NO: 24: 
TCACTATAGG GAGACCCAAG C 21 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS : ' 
(A.) LENGTH: 2 19 base pairs 

(B) TYPE: nucleic acid- 

(C) STRANDEDNESS; single 

(Q) TOPOLOGY; linear . . . 

(ii) MOLECULE TYPE: DNA .{ genomic ) • . - « 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
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TCACTATAGG GAG AC C CAAG CTTGGTACCG AGCTCGGATC CACTAGTAAC GGCCGCCAGT 60 

GTGGTGGAAT TCGACGAACT CATGACTGTA CTCTACCCAG AATATTGGAA AATGTACAAG 120 

TGTCAGCTAA' GGCAAGGAGG CTGGCAACAT AACAGAGAAC AGGCCAACCT CAACTCAAGG 18 0 

ACAGAAGAGA CTATAAAATT CGCTGCAGCA CACTACAAC ' i 219 



(2) INFORMATION FOR SEQ 10 NO : 2G : 

(i) SEQUENCE CHARACTERISTICS : 
(A)' LENGTH: 18 base pairs 
■ ■(B) TYPE: nucleic acid 
. (C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

ACAGAGAACA ■ GGCCAACC 



(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: -19 base pairs 
. . (E ) TYPE: nucleic acid 
(C)' STRANDEDNESS: single 
■(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic ) ' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:. 

TCTAGCATTT AGGTGACAC 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
.(B) TYPE: nucleic acid 
"(C) STRANDEDNESS : single 
(D). TOPOLOGY: linear 

(ii) MOLECULE^ TYPE: DMA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

AAGAGACTAT AAAATTCGCT GCAGC 



( 2)-. INFORMATION FOR SEQ ID NO: 29: 

. (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pAirs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ■ 

. (ii) MOLECULE TYPE: DNA (genomic)' 
(xi) SEQUENCE DESCRIPTION.: SEQ ID NO : 29 : 
CCCTCTAGAT GCATGCTCGA 



(2) INFORMATION FOR SEQ ID NO:30:'" 

.' ( i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH :. 2 4 base pairs 
(BJ TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
GTTGTAGTGT GCTGCAGCCA ATTT 

(2) INFORMATION FOR 'SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 21 base pairs 
■(B) TYPE: nucleic acid 
■(C) STRANDEDNESS: single 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

TCACTATAGG GAGACCCAAG C 

( 2) INFORMATION- FOR SEQ ID NO: 32: ' - . 

(i) SEQUENCE CHARACTERISTICS:' 

(A) LENGTH: 114 0- base pairs 

(B) TYPE : nucleic acid - 

(C) . STRANDEDNESS: single 

{ D ) TOPOLOGY: linear _ 

. (ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE : ■ 

(A)' NAME/ KEY: CDS 
-- (S) LOCATION: 37.-1096 \ * ' 

(ix) FEATURE: 

(A) NAME /KEY : mat^peptide 

(B ) LOCATION : 136 .. 1096 • 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

CAGCAGTTAC GGTCTGTGTC CAGTGTAGAT GAACTC ATG ACT GTA CTC TAC CCA 

Met Thr Val Leu Tyr Pro' . 
-33 , -30 • 

GAA TAT TGG AAA ATG TAC AAG TGT CAG CTA AGG AAA GGA GGC TGG CAA 

Glu Tyr Trp Lys Met Tyr Lys .Cys Gin Leu Arg' Lys Gly Gly Trp Gin 
-25 -20 -15 

CAT AAC AGA 1 GAA CAG GCC AAC CTC AAC TCA AGG ACA GAA GAG ACT ATA 
His Asn Arg'ciu Gin Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie 
-10 ' . -5 1 

AAA TTT GCT GCA GCA. CAT TAT AAT ACA GAG ATC TTG AAA ■ AGT ATT GAT 
Lys Phe Aid Ala Ala Hxs Tyr Asn Thr Glu lie Leu Lys Ser lie Asp 
L0 15 20 

AAT GAG TGG AGA AAG ACT CAA TGC ATG CCA CGG-GAG GTG TGT ATA GAT 
Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg- Glu Val Cys lie Asp 

25 3 0 .35 . 

GTG GGG AAG GAG TTT GGA GTC GCG ACA AAC ACC TTC TTT AAA CCT CCA- 
Val Gly Lye Glu Phe Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro 
4.0 45- 50 

TGT GTG TCCGTC TAC AGA TGT GGG GGT TGC TGC AAT AGT GAG GGG CTG 
Cys Vai Ser Val Tyr- Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu 

5 5 'SO ~ 65 . 

. CAG TGC ATG AAC ACC AGO ACG ACC TAC CTC AGC AAG ACG TTA TTT GAA 
Gin Cys Met Aen Thr Ser Thr Ser -Tyr Leu Ser Lys Thr Leu Phe Glu 
70 75 80V 35 

ATT ACA GTG CCT CTC TCT CAA GGC CCC AAA' CCA. GTA ACA ATC AGT TTT 
lie Thr Val' Pro Leu Ser Gin Gly Pro Lys Pro Val Thr lie Ser Phe 
90 ■ 95 100 

GCC AAT CAC ACT TCC TGC CGA TGC ATG TCT AAA CTG GAT GTT TAC AGA 
Ala Asn His Thr Ser Cys Arg Cys Met Ser Lys Leu Asp Val Tyr Arg 
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. !Q5 no 115 

CAA. GTT CAT TCC ATT ATT AGA CGT TCC CTG CCA GCA ACA CTA CCA CAG 53 4 

Gin Val His Ser lie lie Arg Arg Ser Leu Pro Ala Thr Leu ?ra Gin 

120 - .125 130 

TGT, CAG GCA GCG AAC AAG ACC TGC CCC ACC AAT TAC ATG TGG AAT AAT 5 32 

Cya Gin Ala Ala Asn Lye Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn 

135 140 145 

CAC ATC TGC AGA TGC CTG GCT CAG GAA GAT TTT ATG TTT TCC TCG GAT 6 30 

His He Cys- Arg Cys Leu Ala Gin Glu Asp Phe Met She Ser Ser Asp 

150 155 " - 160 165 

GCT GGA GAT GAC TCA ACA GAT GGA TTC CAT GAC ATC TGT GGA CCA AAC 673 

Ala- Gly Asp Asp Ser Thr Asp Gly Phe His Asp He Cys Gly Pro Asn 

170 175 130 

AAG GAG CTG GAT GAA GAG ACC TGT CAG'" TGT GTC TGC AGA GCG GGG- CTT 72 6 

Lys.Glu Leu Aso Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu 

135 190 195 

CGG CCT GCC AGC TGT. GGA CCC CAC AAA GAA' CTA GAC AGA AAC TCA TGC . 77 4 

Arg Pro Ala. Ser Cys Gly Pro His Lys Glu Leu Asp Arg Asn Ser. Cys 

200 . • ' . 205 210 - ' 

CAG TGT GTC TGT AAA AAC AAA CTC TTC CCC- AGC CAA TGT GGG GCC AAC 822. 

Gin Cys. Val Cys Lys Asn Lys Leu Phe Pro Ser Gin Cys Gly Ala Asn - 

215 220 ' 225. 

CGA GAA TTT GAT GAA AAC ACA TGC CAG TGT, GTA TGT AAA AGA ACC TGC ' 8 70 

Arg Glu Phe Asa Glu Asn Thr Cys Gin Cys Val Cys Lys Arg Thr Cys 

" 2 30' " 235 2 40 2 45 

. - * • , " ■ 

CCC AGA AAT CAA CCC CTA AAT ' CCT GGA AAA TGT GCC TGT GAA TGT ACA - 918 

Pro Arg Asn -Gin Pro Leu- Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr 

'250 -255 260 

GAA AGT CCA CAG AAA TGC TTG TTA AAA . GGA AAG AAG TTC , CAC CAC CAA 96 6 

Glu Ser Pro Gin Lys Cys Leu Leu Lys Gly Lys -Lys Phe His His Gin 

265 . 270 '2'5 

ACA. TGC AGC TGT TAC AGA CGG CCA TGT ACG AAC CGC.CAG AAG - GCT TGT 1014 

Thr Cys Ser Cys Tyr Arg Arg Pre Cys Thr Asn Arg Gin Lys Ala Cys. 

280 295 , '290 

GAG CCA GGA TTT TCA TAT AGT GAA GAA GTG TGT CGT TGT GTC CCT TCA 10 62 

Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val Cys Arg. Cys Val Pro Ser 

295 300 305 

TAT TGG AAA AGA CCA CAA ATG AGC TAAGATTGTA CTGTTTTCCA GTTCATCGAT 1116 

Tyr Trp Lys Arg Pro Gin Met Ser 

310 315 

TTTCTATTAT GGAAAACTGT GTTG . ■ 1140 



(2) It] FORMAT ION FOR SEQ ID NO: 3 3-: 

(1). SEQUENCE CHARACTERISTICS: - 

(A) LENGTH: 3 50 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

'(ii) MOLECULE TYPE: protein . ■ ' 

(xi) SEQUENCE, DESCRIPTION: SEQ ID.NO:33: 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys Cys Gin Leu 
-33 -3-0 . . -25 -20 

Arg Lye Gly Gly Trp Gin His Asn Arg .Glu Gin Ala Asn Leu Asn Ser 
•~!5 -10 . -5 ' 

Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 
1 5 10 15 

He Lau Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
20 ' 25 3 0 
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Arg Glu Val Cys lie Asp Val Gly Lys ^Glu Phe Gly Val Ala Thr "Asn 
35 " 40 . 45 

Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys ' 
50 55 60 

Cys Asn Ser Glu Gly Leu Gin Cys Met .Asn Thr Ser Thr Ser Tyr Leu ■ 
65 - 70 ■ 75 

Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gin Gly Pro Lys 

■ 3Q . ■ 35 - 90 95 

Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg Cys Mat Ser. 

L00 105 j ' 110 

Lys Leu Aso Val Tyr Arg Gin Val Hie. Ser He lis Arg Arg Ser Leu ' 

" 115 120 _" . 125 

Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 

1JQ 135 '' , 1^0 ■ 

Asn Tyr Met Trp Asn. Asn His lie Cys Arg Cys Leu Ala Gin Glu Asp 
■ 145 150 - 155 

Phe Met Phe. Ser Ser Asd Ala Gly Asp Asp Ser Thr Asp Gly Phe His 
160 165 170 175 

Asp lie Cys Gly Pro Asn Lys Glu Leu Asp Glu Glu Thr Cys Gin Cys- 
180 135 190 

Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu 

195 2Q0 " ■ ' 205 

Leu Asp 'Ara Asn Ser Cys Gin Cys Val Cys Lys Asn Lys Leu Phe Pro 

2LQ " "' ■ 215 ■ 220 

Ser Gin Cys .Gly Ala Asn Arg Glu Phe' Asp Glu Asn Thr Cys Gin Cys 
■ 225 230 235 

Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn Pro Gly Lys 
240 ' 245 250 255 

Cys Ala Cys Glu Cys Thr Glu Ser Pro Glri Lys Cys Leu Leu Lys Gly 
260 '265 270 

\ 

Lys Lys Phe His His Gin The Cys Ser' Cys Tyr Arg Arg Pro Cys Thr 
275 . 280 235 

Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser Glu Glu Val 
290 295 300 

Cys Arg Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met Ser 
305 310 31S 



(2) INFORMATION FOR -SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 
■ {A) LENGTH: 22 base pairs 

(B) . TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
J (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
TGAGTGATTTGTAGCTGCTGTG 



(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22. base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
. (D) TOPOLOGY : linear 
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■ (ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 
T ATT GC AGCAAC CC CCACATC T 

(2) IK FORMAT ION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 196 amino acids 
(9) TYPE: amino "acid 

(C) STRANDEDNESS : Not Relevant. 

(D) TOPOLOGY : Not Relevant ■ 

(ii) MOLECULE TYPE:' protein 
,(xi> SEQUENCE DESCRIPTION: SEQ ID NO:36: 

Met Arg~Thr Trp Ala Cys Leu Leu Leu LeuGly Cys Gly Tyr Leu Ala 

1 S . . . 10 , 15 

His Ala Leu Ala Glu Glu Ala Glu lie Pro Arg Glu Leu IleGlu Arg 
20 25 30 

Leu Ala Arg Ser Gin lie His Ser lie Arg Asp Leu Gin Arg Leu Leu 
35 40 45. 

Glu lie Asp Ser Val Gly Ala Glu Asp Ala Leu' Glu Thr' Ser. Leu Arg 
50 55 60 

Ala His Gly Ser His Ala lie Asn His Val Pro Glu Lys Arg Pro Val-. 
65 70 75 - > 30 1 

Pro He Arg Arg Lys Arg Ser^ lie Glu Glu Ala lie Pro Ala- Val Cys 
95 90 95 

Lys Thr Arg Thr Val lie Tyr Glu lie Pro Arg Ser Gin Val Asp Pro 

100 105 ' - ■ 110 ■ 

Thr Ser Ala Asn Phe Leu lie Trp Pro Pro Cys Val Glu Val Lys Arg 
115 120 125 

Cys Thr Gly Cys Cys Asn Thr Ser Ser Val Lys Cys Glh ■ Pro Ser; Arg 
130 135 " 140 

Val His His Arg Ser Val Lys Val Ala Lys Val. Glu Tyr Val Arg Lys 
145 ■ 150 155 160 

Lys Pro Lys Leu Lys Glu Val Gin Val Arg Leu Glu Glu His Leu Glu 
165 170 175 

Cys Ala Cys Ala Thr Ser Asn Leu Asn Pro Asp His Arg; Glu Glu Glu 
180 185 190 : 

Thr Asp Val Arg 
195 



(2) INFORMATION FOR SEQ ID,NO:37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 241 amino acids 
(3) TYPE: amino acid 

(C) STRANDEDNESS: Not Relevant 

(D) TOPOLOGY:. Not Relevant 

,{ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID' NO : 37 

Wet Asn Arg Cys Trp Ala' Leu Phe , Leu Ser Leu Cys Cys Tyr Leu Arg 
1 5 10 .15 

Leu Val Ser Ala Glu Gly Asp Pro lie Pro Glu Glu Leu Tyr Glu Met 
20 25 30 

Leu.Ser Asp His Ser lie Arg Ser Phe Asp Asp .Leu Gin Arg Leu Leu 
35 40 45 
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His Gly Asp Pro Gly Glu. GLu Asp Gly Ala Glu Leu Asp Leu Asn Met 
5Q 55 60 

" Thr Arg Ser His Ser Gly Gly Glu Leu Glu Ser Leu Ala Arg Gly Arg 
65 70 75 30 

Arg Ser Leu Gly Ser Leu Thr lie Ala Glu Pro Ala Met tie Ala" Glu 
as 90 95 

Cys Lys Thr Arg Thr Glu Val Phe Glu lie Ser Arg Arg Leu. He Asp 
100 105 110 

Arg Thr Asn Ala Asn Phe Leu Val Trp Pro Pro Cys Val Glu Val Gin 
115. 120 125 

Arg Cys Ser Gly Cys Cys Asn Asn Arg Asn Val Gin Cys Arg Pra Thr 
1J0 135 140 

Gin Val Gin Leu Arg Pra Val Gin Val Arg Lys He Glu He Val Arg 
145 LS0 155 ' 160 

Lys Lys Pro lie Phe Lys Lys Ala Thr Val Thr Leu Glu Asp His Leu . 

165 170 '175 

Ala Cys Lys Cys Glu Thr Val Ala Ala. Ala Arg Pro Val Thr Arg Ser 
130 195 190 

Pro Gly Gly Ser Gin Glu Gin Arg Ala Lys Thr- Pra Gin .Thr Arg Val 
195 .200 205 

Thr He Arg Thr. Val Arg Val Axg Arg Pro Pro Lys Gly Lys His Arg 
210 ' 215 220 

Lys Phe Lys His Thr His Asp Lys Thr Ala Leu Lys Glu Thr Leu Gly 

225 " 230 235 ■ 240 . 



(2) INFORMATION FOR SEQ ID NO : 38 ■: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 149 amino acids 

( B ) TYPE: amino acid 

(C) STRANDEDNESS: Not Relevant 
.(D) TOPOLOGY: Not Relevant 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE' DESCRIPTION: SEQ ID NO:38: 

Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu- Gin Leu Leu Ala Giy 
I 5 10 . 15 

Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser Ala Gly 
20 25 30 ' 

Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu Val Trp Gly 
35 40 4S • 

Arg Ser Tyr Cys Arg Ala Leu Glu Arg Leu Val Asp Val Val Ser Glu 
50 55 60 

Tyr Pro Ser Glu Val Glu His Met Phe. Ser Pro Sar Cys Val Ser Leu 

65. 70 75 80. 

Leu- Arg Cys Thr Gly Cys Cys Gly Asp Glu Asn Leu His Cys Val Pro 

35 90 . 95 

Val .Glu Thr Ala Asn Val Thr Met Gin Leu Leu Lys lie Arg Ser Gly 
100 .105 110 

Asp Arg Pro Sec Tyr Val Glu Leu Thr Phe Ser. Gin His Val Arg Cys 

115 120. • 125 



Glu Cys Arg Pro Leu Arg Glu Lys Met Lys Pro Glu Arg Cys Gly Aap 
130 L35 140 
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Ala Val Pro Arg Arg 
145 



(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 170 amino acids 

(B ) TYPE: amino acid 

(C) STRANDEDNESS: Not Relevant 

(D) TOPOLOGY: Not Relevant 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

Met Pro Val Met Arg Leu Phe Pro Cya Phe Leu Gin Leu Leu Ala Gly 
, 5 . 10 15 

Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser Ala- Gly 
20 25 , 30 

Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu Val Trp Gly 
35 40 4S 

Arg Ser Tyr Cya Arg Ala Leu Glu Arg Leu Val Asp Val Val Ser Glu 
50 55 SO 

Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro- Ser Cys Val Ser Leu 
65 , 70 75 30 \ 

Leu Arg Cys Thr Gly Cys Cys Gly Asp Glu Asn Leu His Cys Val Pro 

35 ... 90 , - 35 

Val -Glu Thr Ala Asn Val Thr Met Gin Leu Leu. Lys He Arg Ser Gly 

100 10 5 . . 110 

Asp Arg Pro Ser Tyr Val Glu. Leu Thr Phe' Ser Gin His Val Arg Cys 

115 .120 ■ '125 

Glu Cys Arg Pro Leu Arg Glu Lys Met Lys Pro Glu Arg Arg Arg Pro 
130 135 .140 

Lys Gly Arg Gly Lys Arg Arg Arg Glu Lys Gin Arg Pro Thr Asp Cys 
145 150 155 160 

His Leu Cys Gly Aso Ala Val Pro Arg Arg 
165 170 



" (2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 147 amino acids 
TYPE: amino acid 
. (C) STRANDEDNESS : Not Relevant- , - . 
( D )- TOPOLOGY : Not Relevant 

(ii) MOLECULE TYPE: protein . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

Met Asn Phe Leu Leu Ser Tro Val His Trp Ser Leu Ala Leu Leu Leu 
L 5 * 10 IS 

Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
20 25 ~ 30 

Gly Gly. Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin 
35 40 45 

Arg, Ser Tyr Cys His Pro. He Glu Thr . Leu Val Asp He Phe Gin Glu 
'SO 55 SO ' 

Tyr Pro Asp Glu Ha Glu Tyr He Phe Lys Pro Ser Cys Val Pro Lau 

55 70 75 30 .. 

Met Arg Cys Gly Gly Cys Cy3 Asn Asp Glu Gly Leu Glu Cys Va,l Pro 
85 90 95 
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Thr Glu Glu Ser Asn lie Thr Met Gin lie Met Arg He Lys Pro His 
LOO 105 110 

Gin Gly Gin His lie Gly Glu Met Ser Phe Leu Gin His Asn Lys Cys 
U5 '. 120. 125 

Glu Cvs Arg Pro Lys Lys Asp- Arg Ala Arg. Gin Glu Lys Cys Asp Lys 
130 .135 140 

Pro Arg Arg 
145 



(2) ' INFORMATION FOR SEQ ID NO : 4 1 : 

(i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 191 amino acids 

(B) TYPE: amino acid . 

"(C) STRANDEDNESS : Not Relevant 
{ D ) TOPOLOGY : Nat Relevant 

{ii} MOLECULE TYPE: protein' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 1 : 

Met Asn Phe Leu Leu Ser Trp Val His Tro Ser Leu Ala Leu Leu Leu 

I 5 . . 10 - - 15 

Tyr Leu His Hie Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly ; 
20 * 25 30 

Gly. Gly Gin Asn His His Glu Vol Val" Lys- Phe Met Asp Val Tyr Gin ' 
35 40 / 45 

Arg Ser Tyr Cys .His Pro lie, Glu Thr Leu Val Asp lie Phe Gin Glu 
50 55 SO 

Tyr Pro Asp Glu lie Glu .Tyr He Phe Lys Pro Ser Cys Val Pro Leu ■ 
65 ' 70 75 30 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pre 
as 90 95 

Thr Glu Glu Ser Asn lie Thr Met Gin He Met Arg lie Lys Pea His 
100 105 HO 

Gin Gly Gin His He Gly Glu Met" Ser Phe Leu Gin His Asn Lys Cys 
US . 120 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Asn Pro' Cys Gly 
130 135 - , 140 

Pro. Cys Ser Glu Arg Arg Lys His Leu Phe ' Val Gin Asp Pro Gin Thr 
145 150 . 155 . ISO 

Cys Lys' Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys Lys Ala Arg Gin 
155 170 175 

Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp Lys' Pro Arg Arg 
ISO 195 ■ " 190 



(2) INFORMATION FOR SEQ ID NO:42: ^ 

( i. ) SEQUENCE -CHARACTERISTICS : 

(A) LENGTH: 215' .amino acids. 
(3) TYPE: ■ amino acid 
(C) STRANDEDNESS: Not Relevant 
.(D) TOPOLOGY: Not: Relevant 

(ii) MOLECULE TYPE :■ protein 

/xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 

Met Asn Phe Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Lau 
1 5 10 15 

Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
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20 25 3Q 

Gly Gly Gin Asn His His Glu Val Val Lys Phe Met Asp Val Tyr Gin. 
35. 40 45 

Arg Ser Tyr Cys His Pro lie Glu Thr Leu Val Asp lie Phe Gin Glu - 
50 55 .60 

Tyr Pro Asp Glu lie Glu Tyr lie Phe Lys Pro Ser Cys Val Pro Leu 
65 70 75 30 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro 
• 35 90 95 

Thr Glu Glu Ser Asn He Thr Met Gin lie Met Arg He Lys Pro His 

100 105 UQ . • • ' 

Gin Gly Gin Hia He Gly Glu Met Ser Phe Leu' Gin His Asn Lys Cys 
115 120 125 

Glu Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu. Lya Lys Ser Val 
. 130 135 140 

Arg Gly Lys. Gly Lys Gly Gin Lys Arg Lys Arg Lys Lys Ser Arg Tyr 
145 150 155 160 . 

Lys Ser Tro Ser Val Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys His 
* 165 170 175 

Leu Phe Val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn Thr 
130 185 190 

Asp Ser Arg Cys Lys Ala Arg Gin Leu Glu Leu Asn Glu Arg Thr Cy3 ; 
195 200 / 2 05 

Arg Cys Asp Lys Pra Arg Arg 

. .210 ■ 215 ' 



(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 2 32 amino acids 
(8) TYPE: amino acid 
(C) STRANDEDNESS : Not Relevant 
.(D) TOPOLOGY: Not Relevant 

(iij MOLECULE TYPE : protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

Met Asn Phs Leu Leu Ser Trp Val His Trp Ser Leu Ala Leu Leu Leu , 
1 5 10 15 

Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Met Ala Glu Gly 
20 V 25 .30 

.Gly Gly Gin Asn His His 1 Glu Val Val Lys Phe Met Asp- Val' Tyr Gin • 
35 40 45 

Arg Ser Tyr Cys His Pro He Glu Thr Leu Val Asp He Phe Gin Glu 

50 55 60 . ■ ' 

Tyr Pro Asp Glu lie Glu Tyr He Phe Lys Pro Ser Cys Val Pro Leu 
6 5 ' 70 75 80 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Leu Glu Cys Val Pro- 
85 90 95 

Thr Glu Glu Ser Asn lie Thr Met Gin He Met Arg lie Lys Pro His 
- 100 105 110 

Gin Gly Gin His He Gly Glu Met Ser Phe Leu Gin Hi's Asn" LyB Cys 
115 120 . 125 

Glu' Cys Arg Pro Lys Lys Asp Arg Ala Arg Gin Glu Lys Lys Ser Val 
130 135 140 



Arg Gly Lys Gly 'Lys Gly GLn Lys Arg Lys Arg Lys Lys Ser Arg Tyr 
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L 45 150 '155 160 

Lys Ser Trp Ser Val Tyr Val Gly Ala Arg Cys Cys Leu Met Pro Trp 
165 170 ■ 175 

Ser Leu Pro Gly Pro His Pro Cys Gly Pro Cys Ser Glu Arg Arg Lys 

iao t ias 19a 

His Leu Phe Val" Gin Asp Pro Gin Thr Cys Lys Cys Ser CyB Lys Asn 
195 200 205 

Thr Aep Ser Arg Cys Lys Ala Arg Gin Leu Glu Leu Asn Glu Arg Thr 
210 215 • 220 

Cys Arg Cys Asp Lys Pro Arg Arg 

225 230 - ■ 



■ (2) INFORMATION FOR SEQ ID NO : 4 4 : - _ 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: ;1997 base pairs 

(B) TYPE: nucleic acid . ■ 
.(C) STRANDEDNESS: single 

(D ) TOPOLOGY : linear 

(ix) MOLECULE TYPE: cDNA 

(ix) FEATURE : 

(A) NAME/ KEY: CDS 

(B) LOCATION : 352.-1608 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: ' 

CCCGCCCCGC CTCTCCAAAA AGCTACACCG ACGCGGACCG CGGCGGCGT.C CTCCCTCGCC 60 

CTCGCTTCAC CTCGCGGGCT CCGAATGCGG GGAGC TCGGA TGTCCGGTTT CCTGTGAGGC 120 

TTTTACCTGA CACCCGCCGC CTTTCCCCGG CACTGGCTGG GAGGGCGCCC TGCAAAGTTG 180. 

GGAACGCGGA .GCCCCGGACC CGCTCCCGCC GCCTCCGGCT CGCCCAGGGG GGGTCGCCGG 240 

GAGGAGCCCG GGGGAGAGGG ACCAGGAGGG GCCCGCGGCC TCGCAGGGGC GCCCGCGCCC 300 

CCACCCCTGC CCCCGCCAGC GGACCGGTCC CCCACCCCCG GTCCTTCCAC C ATG CAC 35 7 

Met His 

^ 1 

TTG CTG GGC TTC TTC TCT GTG GCG TGT TCT CTG CTC GCC GOT GCG CTG 40 5 

Leu Leu Gly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala Ala Ala Leu 

5 .10 15 ■ 

CTC CCG GGT CCT CGC GAG GCG CCC GCC GCC GCC GCC GCC TTC GAG TCC " 45 3 
Leu Pro Gly Pro "Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu Ser 
20 - 25 30 

GGA CTC GAC CTC TCG GAC GCG GAG CCC GAC GCG GGC GAG GCC ACG GCT 501 
Gly Leu Asp Leu. Ser Asp Ala Glu Pro Asp Aid Gly Glu Ala Thr Ala . 
35 - 40 45 50 

TAT GCA AGC AAA GAT CTG GAG GAG CAG TTA CGG TCT GTG TCC ACT GTA 54 9 

.Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu Arg Sar Val Ser Ser Val 
55- 60 65 

GAT GAA CTC ATG ACT GTA CTC TAC CCA GAA TAT TGG AAA ATG TAC AAG 59 7 

Asq Glu Leu Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 

. * . 70 75 80 

TGT CAG CTA AGG AAA GGA GGC TGG CAA CAT AAC AGA GAA CAG GCC AAC 64 5' 

Cys Gin Leu Arg-Lys Gly Gly Trp. Gift Hi3 Asn Arg Glu Gin Ala Asn 
35 . 90 ' 95 

CTC AAC TCA AGG ACA GAA GAG , ACT ATA AAA TTT GCT GCA GCA CAT TAT 69 3 

Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr 
1Q0 . 105 .110 ' 



AAT' ACA GAG ATC TTG AAA AGT ATT GAT AAT GAG TGG AGA AAG ACT CAA 
Asn Thr Glu "lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin 
115 120 125 - 130 
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TGC ATG CCA CGG GAG GTG TGT ATA GAT GTG GGG AAG GAG TTT GGA GTC 7 8 9 

Cya Met Pro Arg Glu Val Cys He Asp Val Gly Lys Glu Phe Gly, Val 
135 140 .145 

GCG ACA AAC ACC TTC TTT AAA CCT CCA TGT GTG TCC GTC TAC AGA TGT 337 
Aid Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys 
15Q 155 ISO 

GGG GGT TGC TGC AAT AGT GAG GGG CTG CAG TGC ATG AAC ACC AGC ACG 885 
Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys- Met Asn Thr Ser "Thr 
165 170 175 

AGC TAC CTC AGC AAG ACG TTA TTT GAA ATT ■ ACA GTG CCT CTC'TCT'CAA 93 3 

Ser Tyr Leu Ser Lys Thr Leu phe Glu He Thr Val Pro Leu Ser Gin 

130 135 . ■ 190 

GGC CCC AAA CCA GTA ACA ATC AGT TTT GCC AAT CAC ACT TCC TGC CGA 931 
Gly Pro Lys- Pro Val Thr He Ser Phe - " Ala Asn His Thr Ser Cys Arg ". 
195 200 205 210 

TGC ATG TCT AAA CTG GAT GTT TAC AGA CAA GTT CAT TCC ATT ATT AGA 1029 
Cys Met Ser.'Lys Leu Asp Val Tyr Arg Gin Val His Ser He lie Arg 
215 220-. 225 

CGT TCC CTG CCA GCA ACA CTA CCA CAG TGT CAG GCA GCG AAC AAG ACC 1077 
Arg Ser Leu Pro Ala Thr Leu Pro Gin - Cys Gin Ala Ala Asn Lys Thr 
. 230 235' 240 

TGC CCC ACC AAT TAC. ATG TGG AAT AAT CAC ATC TGC AGA TGC CTG GCT 1125 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His Tie Cys Arg Cys Leu Ala 

" 245 ' " 250 " 255 ' 

CAG GAA GAT TTT ATG ' TTT TCC TCG GAT GCT GGA GAT GAC TCA ACA GAT 117 3 

Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp Asp Ser Thr Asp 

. .260 265 - 270 

GGA .TTC CAT GAC ATC TGT GGA CCA AAC AAG GAG CTG GAT GAA GAG ACC 1221 
Gly Phe His. Asp He 1 Cys Gly Pro Asn Lys' Glu Leu Asp Glu- Glu Thr 
275 280 295 ,290 

TGT. CAG TGT GTC TGC AGA GCG GGG CTT CGG CCT GCC AGC TGT GGA CCC 126 9 

Cys Gin Cys .Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
295 ' 300 . . 305 

CAC AAA GAA CTA GAC AGA AAC TCA TGC CAG TGT GTC TGT AAA AAC AAA 1317 
His Lys Glii Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn- Lys 
310 3 15 320 

CTC TTC CCC AGC CAA TGT GGG GCC AAC CGA GAA TTT GAT GAA AAC ACA 136 5 

Leu Phe Pro Ser Gin Cys Giy Ala Asn Arg Glu Phe Asp Glu Asn Thr 

■ 325 330 335 - ■ 

TGC CAG TGT GTA TGT AAA AGA ACC TGC CCC AGA AAT CAA CCC CTA AAT .1413 
Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
340 345 350 

CCT 'GGA AAA TGT GCC TGT GAA TGT ACA GAA AGT CCA CAG AAA TGC TTG 145 1. 

Pro Gly Lys Cys Ala Cys Glu Cyo Thr j Glu Ser ' Pro Gin Lys Cys Leu 
355 3 60 365 3 70 

TTA AAA GGA AAG AAG TTC CAC CAC CAA ACA TGC AGC TGT TAC AGA CGG - 150 9 
Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
375 . 390 .395 

CCA TGT ACG AAC CGC CAG AAG GCT TGT. GAG CCA GGA TTT TCA TAT AGT 15 5 7 

Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser Tyr Ser 
390 ■ 395 400 

GAA GAA GTG TGT CGT TGT GTC CCT TCA TAT TGG AAA AGA CCA CAA ATG 16 0 5 

Glu Glu. Val Cys^ Arg: Cys Val Pro Ser Tyr Trp Lys Arg Pro Gin Met 
405 410 415 " 

AGC TAAGATTGTA CTGTTTTCCA GTT CAT CG AT TTTCTATTAT GGAAAACTGT 1658' 
Ser • 

GTTGCCACAG TAGAACTGTC TGTGAACAGA GAGACCCTTG TGGGTCCATG CTAACAAAGA 1718 



CAAAAGTCTG TCTTTCCTGA ACCATGTGGA TAACTTTACA GAAATGGACT GGAGCTCATC 1778 
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TGCAAAAGGC CTCTTGTAAA GACTGGTTTT CTGCCAATGA CCAAACAGCC AAGATTTTCC 1330 

TCTTGTGATT TCTTTAAAAG AATGACTATA TAATTTATTT CCACTAAAAA TATTGTTTCT 189 8 

CCATTCATTT TTATAGCAAC AACAATTGGT AAAACTCACT GTGATCAATA TTTTTATATC 195 8 

ATGCAAAATA TGTTTAAAAT AAAATGAAAA TTGTATTAT 199 7 



(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCS CHARACTERISTICS: 

(A) LENGTH ; 419 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear - 

,(Ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:. 

Met His Leu Leu Gly Phe Phe .Ser Val Ala Cya Ser "Leu Leu Ala Ala 
1 5 10 15 

Ala Leu Leu Pro Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe 
• 20 25 30 

Glu Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala Gly Glu Ala 
35 4 0 ' 45 

Thr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu. Arg Ser Val Ser 
SO 55 60 , 

Ser Val Asp Glu Leu Met Thr Vai Lea Tyr Pro Gla Tyr Trp Lys Wet 
65 70 75 80 

Tyr Lys. Cys Gin Leu Arg Lys Gly Gly Trp Gin Hi3 Asn Arg Glu Gin 
85 ' 90 95 

■Ala Asn Leu Asn Ser Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala 

1Q0 ' 105 ' 110 . 

His Tyr Asn Thr Glu lie Leu Lys Ser .'lie Asp Asn Glu Trp Arg Lys 
115 120 125 

Thr Gin Cys Met Pro Arg Glu Val Cys lie Asp Val Gly Lye Glu Phe 
13 0 135 UG 

Gly Val Ala Thr Asn Thr Phe Phe Lys Pro Pro Cys Val Ser Val Tyr 
145 - 150 . 155 ' 160 

Arg Cys Gly Gly Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr 
165 170- . 175 

Ser Thr Ser Tyr Leu -Ser Lys Thr Leu Phe Glu lie Thr Val Pra Leu 
130 135 190 

Ser Gin Gly Pro Lys Pro Val Thr lie Ser Phe Ala Asn His Thr Ser 
195 ~ 200 205 

Cys Arg Cys Met Ser Lys Leu. Asp Val Tyr Arg Gin Val- His Ser lie 
210 , ■ 215 220 

lie Arg Arg Ser Leu Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn 

225 230 . 235 ■ - 240 

Lys Thr Cys Pro Thr Asn Tyr Met Trp Asn Asn His He Cya Arg Cys 
245 250 - 255 

Leu Ala Gin Glu Asp Phe- Met Phe Ser Ser Asp Ala Gly Asp Asp Ser 

260 . 265 27.0 

Thr A3p Gly Phe His Asp He Cys Gly Pro Asn Lya Glu Leu Asp Glu 
' . 27S "280 285 

Glu Thr Cys Gin Cys Vai Cys Arg Ala Gly Leu Arg .Pro Ala Ser Cys 
.290 295 300 

Gly Pro His Lys Glu. Leu Asp Arg Aen Ser Cys Gin Cys Val Cya Lya - 
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. J05 310 315 320 

Asn Lvs Leu Phe Pro Ser. Gin CyB Gly Ala Asn Arg Glu Phe Asp Glu 

325 ' 330 335 - . 

Asn Thr Cys Gin Cys Val Cys Lys Arg Tar Cys Pra Arg Asn Gin Pro 
3<Q .. 345 350 

Leu Asn Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys 
355 360 355 

Cys Leu Leu Lys Gly Lys Lys Phe HX3. His Gin Thr Cys Ser Cys Tyr 
370 375 380 

Arg Arg Pro Cys Thr Asn Arg Gin Lys Ala Cys Glu Pro Gly Phe Ser 
■jaS 390 395 400 

Tyr Ser Glu Glu Val Cys Arg Cys Val Pro Ser Tyr T.rp Lye Arg Pro 
405 -410 4L5 

Gin Met: Ser 



What is claimed is: 1 
1. A purified and isolated nucleic acid comprising a 
nucleotide sequence that encodes a polypeptide that binds to 2 s 
human FU4 receptor tyrosine kinase, (Flt4) f said polypeptide 
having an amino acid sequence comprising a portion of the 
amino acid sequence shown in SEQ ID NO: 33 effective to 
-permit such binding, said nucleic acid lacking a nucleotide 
^^ujjence that encodes the portion of the amino acid 3Q 
'Sequence shown in SEQ. ID NO: 33 that has cysteine motifs 
of a Baibiani ring 3 protein. 

' -.2. A purified and isolated nucleic acid according to claim 

1 wherein said polypeptide stimulates tyrosine phosphory- 
lation of human FU4. ' 

3. A -purified, and isolated nucleic acid according to- claim 35 
2. wherein said polypeptide has an apparent molecular 
weight of about 23 kD as. assessed by SDS polyacrylamide 
gel electrophoresis under reducing conditions. 

4. A purified and isolated nucleic acid according to claim 

2 wherein said polypeptide comprises an ami no -terminal 40 
amino acid sequence set forth in SEQ ID NO: 13. 

5. A purified and isolated nucleic acid according to claim 
4 wherein said polypeptide comprises approximately 120 
amino acids: 

6. A purified and isolated nucleic acid according to claim 45 
4 wherein amino terminal ammo acids 2-through 18 of said 
polypeptide have an amino acid sequence identical to amino 
acids 2 through 18 set forth in SEQ ID NO: 13: 

7. A purified and isolated nucleic acid according to claim 

2 wherein said polypeptide comprises amino acids 1 to 120 50 
of SEQ ID NO: 33. 

8. A purified and isolated nucleic acid according to claun 
1 wherein said polypeptide has an apparent molecular 
weight of about 32 kDa as assessed by SDS polyacrylamide 
gel electrophoresis under reducing conditions. 55 

9. A nucleic acid according to claim 1 wherein said 
portion of the amino acid sequence shown in SEQ ID NO: 
33 is a continuous portion that includes eight cysteines of 
SEQ ID NO: 33 that are conserved in human vascular 
endothelial growth factor (VEGF), human platelet derived 60 
growth factor A (PDGF-A),. andvhuman platelet derived 
.growth factor B (PDGF-B), and excludes the carboxyl 
terminal portion of SEQ ID NO: 33 that contains cysteine 
motifs of a Baibiani ring 3 protein. 

10. A nucleic acid according to claim 9 wherein said 65 
continuous portion has amino acid 1 of SEQ ID NO: 33 as 

us amino terminus. , 



11. A nucleic acid according to claim 1 wherein said 
portion of the amino acid sequence shown in SEQ ID NO:' 
33 is a continuous portion having amino acid 1 of SEQ ID 
NO: 33 as its amino terminal residue, and having as its 
carboxy terminal residue an amino acid between residues 
119 and 126 of SEQ ID NO: 33. 

12. A vector comprising a nucleic acid according to claim 
1, wherein said vector lacks a nucleotide sequence that 
encodes the portion of the amino acid sequence shown in 
SEQ ID NO:33 that has cysteine motifs of a Baibiani ring 3 
protein. ' 

13. A host cell transformed or transfected with a vector 
according to claim 12. 

14. A method for producing a polypeptide that binds to the 
extracellular domain of human Flt4, comprising the steps of: 

growing a host cell according to claim 13 under condi- 
tions which permit expression by said host cell of a - 
polypeptide that is encoded by said nucleic acid and 
that binds to the extracellular domain of human FU4, 
and 

isolating said polypeptide from the host cell or the growth 
medium of the host cell. 

15. A method according to claim 14 wherein said host cell 
is a mammalian host cell that secretes said polypeptide and 
wherein said isolating step comprises isolating said polypep- 
tide from said growth medium. 

16. A purified and isolated nucleic acid comprising a 
nucleotide sequence that encodes a polypeptide that binds 
human Flt4 receptor tyrosine kinase (FU4), said polypeptide 
having an amino acid sequence comprising a continuous 
portion of the amino acid sequence shown in. SEQ ID NO: 
33 effective to permit such binding, said nucleic acid lacking 
a, nucleotide sequence that encodes, the carboxy-terminal 
portion of the amino acid sequence shown in SEQ ID NO: 
33 beyond residue 125. 

17. A purified and isolated nucleic acid according to claim 
16 wherein said encoded polypeptide stimulates tyrosine 
phosphorylation of human Flt4. 

18. A purified and isolated nucleic acid according to claim 
16 wherein said nucleic acid lacks a nucleotide sequence 
that encodes the amino terminal portion of the ammo acid 
sequence shown in SEQ ID NO: 33 that precedes residue 1. 

19. An expression construct comprising the nucleic acid 
according to claim IS operatively linked to an expression 
control sequence, said expression construct lacking a nucle- 
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otide sequence that encodes the carboxy-terminal portion of 
the ammo acid sequence shown in SEQ ID NO:33 beyond 
residue 125. . 

20. A host cell transformed or transfected with the expres- 
sion construct of claim 19. 

21. A method for producing a polypeptide that binds to the 
extracellular domain of human Flt4 and stimulates tyrosine 
phosphorylation of FU4, comprising the steps of: 

growing a host cell according to claim 20 under condi- 
tions which permit expression in said host cell of a 
polypeptide encoded by said nucleic acid and 

isolating said polypeptide from the host cell or the growth 
medium of the host cell, wherein said polypeptide 
binds to the extracellular domain of human Flt4 and 
"stimulates phosphorylation of Flt4. 

22. A host cell transformed or transfected with a 
polynucleotide, 

wherein said polynucleotide includes a strand containing 
a human nucleotide sequence that hybridizes to a DNA 
comprising, the non-coding strand complementary to 
SEQ ID NO: 32, under the following hybridization 
conditions: 

(a) hybridization at 42° C. for 20 hours in a solution 
containing 50% formamide, SxSSPE, 5xDenhardt J s 
solution, 0.1% SDS and 0.1 mg/ml denatured salmon 

' " sperm DNA; and 

(b) washing the. filter twice for thirty minutes at room 
temperature and twice for thirty minutes at 65° C 
with a wash solution containing IxSSC, and 0.1% 
.SDS; and 

wherein said host cell expresses a polypeptide encoded by : 

said -polynucleotide, 
where in said polypeptide has a molecular weight of about. 
23 kD as assessed by SDS-PAGE under reducing 
conditions and includes a domain encoded by the 
human nucleotide sequence that is defined, by eight 
cysteine residues that are conserved in humaa vascular, 
endothelial growth factor (VEGF), human platelet 
derived growth factor A(PDGF-A), and human platelet 
derived growth factor B (PDGF-B), 
wherein said polypeptide lacks any domain that has one or 
more- cysteine motifs of a Balbiani ring 3 protein 
■ (BR3P)," and 
wherein said polypeptide binds to the extracellular 
domain of human Flt4 receptor tyrosine kinase. 
. 23. A host cell according to claim 22 that expresses a 
naturally occurring human Flt4"Ligahd polypeptide encoded 
by said polynucleotide. 

24. A host cell according to claim 22 wherein said 
polynucleotide is an expression vector, said expression 
vector including an expression control sequence operatively 
linked to sequence that encodes said polypeptide. 

25. A host cell transformed or transfected with a poly- 
nucleotide comprising a nucleotide sequence chat encodes 
the amino acid sequence shown in SEQ ID NO: 33, wherein 
said host cell expresses a polypeptide encoded by said 
polynucleotide, said polypeptide including a contiguous 
portion of SEQ ID NO: 33 that is sufficient to bind to. the 
extracellular domain of human Flt4 receptor tyrosine kinase 
(FU4EC), 

wherein said contiguous portion includes eight cysteine 
residues that are conserved in human vascular endot- 
helial growth factor (VEGF), human platelet derived 
growth factor A (PDGF-A), and human platelet derived 
growth factor B (PDGF-B), 

wherein said polypeptide lacks any portion of SEQ ID" 
NO: 33. that precedes position L and lacks any portion 
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of SEQ ID NO: 33 that has one or more cysteine motifs 
of a Balbiani ring 3 protein (BR3P), and 
wherein said, polypeptide has a molecular weight of about 
23 kD as assessed by SDS PAGE under reducing 
conditions and binds to FU4EC. 

26. A host cell according to claim 25 wherein said 
nucleotide sequence comprises nucleotides 37 to 1086 of the 
sequence shown in SEQ ID NO: 32: 

27. A host cell according to claim 25 wherein said 
polynucleotide is a vector comprising an expression control 
sequence operatively linked to the nucleotide 'sequence that 
encodes the amino acid sequence shown in SEQ ID NO: 33. 

28. Aeukaryotic host cell according to claim 22 or 25 that 
secretes said polypeptide. 

29. A host cell comprising the insert of p las mid pFLT4-L, 
deposited as ATCC accession No. 97231, wherein said host 
cell expresses and secretes a polypeptide encoded by said 
insert, 

wherein said secreted' polypeptide has a molecular weight 
of about 23 kD as assessed by SDS-PAGE under 
reducing conditions and binds to human Flt4 receptor 
tyrosine kinase and includes a domain defined by eight 
cysteine residues that are conserved in human vascular 
endothelial growth factor (VEGF), human platelet 
derived growth factor A (PDGF-A), and human platelet 
derived growth factor B (PDGF-B). 

30. A host cell transformed or transfected with a poly- 
nucleotide comprising a.nucleotide sequence that encodes a 
polypeptide that binds to the extracellular domain of human 
Fit 4- receptor tyrosine kinase, 

wherein said polynucleotide includes a strand containing 
a human nucleotide sequence that hybridizes to a DNA 
comprising the non-coding strand complementary to 
SEQ ID NO: 32, under the following hybridization 
. conditions: • 

(a) hybridization at 42° C for 20 hours in a solution 
containing 50% formamide, 5xSSPE, 5xDenhardt's 
solution, 0.1% SDS and 0.1 mg/ml denatured salmon 
sperm DNA; and 

(b) washing the filter twice for thirty minutes at room 
temperature and twice for thirty minutes at 65° C. 
with a wash solution containing ixSSC, and 0.1% 
SDS, and 

wherein said host cell expresses and secretes a polypep- 
tide encoded by said polynucleotide, and 

wherem said expressed and secreted polypeptide binds the 
extracellular domain of human FU4 receptor tyrosine 
kinase and has a molecular weight of about 23 kD as 
assessed by SDS-PAGE under reducing conditions. 

31. A method for producing a polypeptide that binds the 
extracellular domain of human Flt4 receptor tyrosine kinase, 
comprising the steps of: 

growing a- host cell according to any one of claims 21-27, 
29, or 30 under conditions which permit expression by 
said host cell of said polypeptide; and 

isolating said polypeptide from the host cell or the growth 
medium of the host cell.- 

32. A method for producing a polypeptide that binds to the ■ 
extracellular domain (EC) of human Flt4 receptor tyrosine 
kinase (Flt4), comprising steps of: 

growing a host cell comprising a polynucleotide that 
comprises a nucleotide sequence that encodes the 
amino acid sequence set forth in SEQ ID NO:33, under 
conditions in which the host cell expresses and secretes 
a polypeptide encoded by the polynucleotide; and 
isolating a.polypeptide that binds FU4 EC from the growth 
. medium of the host cell, said polypeptide havmg J a 
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molecular weight of approximately 23 kD as assessed 
by SDS-PAGE under reducing conditio os and having 
an amino acid sequence comprising a portion of SEQ 
ID NO:33 effective to bind FU4 EC. 
33. A method according to claim 32 wherein said poly- 5 
nucleotide comprises an expression vector that comprises a 
nucleotide sequence that encodes the amino acid set forth in 
SEQ ID NO:33. 
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34. A method according to claim 32 wherein said host cell 
comprises a PC-3 prostatic adenocarcinoma ceil {AICC 
CRL1435). 

35. A method according to claim 32 wherein said poly- 
nucleotide comprises the insert of plasma pFLT4-L, depos- 
ited as ATCC Accession No. 97231. 

**** * 



